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CONVECTION IN THE FREE ATMOSPHERE AND OVER A HEATED SURFACE 


By Cari-Gustar RossBy 


(A study conducted under grant from the Daniel Guggenheim Fund for the Promotion of Aeronautics] 
{Weather Bureau, Washington, December, 1926] 


In a previous contribution to this journal (1) the 
author discussed a set of differential equations which, 
under certain assumptions, enables us to compute the 
distribution of atmospheric eddy energy at any time, 
this distribution being given at the time t=0. A few 
integrals were derived in order to illustrate the applica- 
tion of the theory under different specified conditions. 
One of the examples referred to the overturning at the 
horizontal boundary between two air layers in convective 
equilibrium, the by having a slightly lower potential 
temperature than the other. In view of the important 
role this kind of convection plays over the North Ameri- 
can Continent (2) it seemed justified to devote more 
attention to its theoretical side. As a result, an integral 
was obtained, which determines mathematically the 
overturning also for the case, where each of the two super- 
posed air layers, taken separately, is in stable equilibrium. 

The method by which this solution was obtained was 
then applied to the problem of local convection and gave 
an integral which in a general way describes the rise 
of convection currents from a heated surface. 

Finally, the differential equations of convection were 
generalized in order to account for temperature changes 


produced by radiation. 


Numerous references will be made to the formule in 
the original paper (1), these references always being in 
the form (1, II, 13) where 1 signifies the paper, II the 
section, and 13 the number of the formula. The mathe- 
ea symbols used below have the same meaning as 
in (1). 

CONVECTION IN THE FREE AIR 


Suppose that, within a body of air (for instance 6 
kilometers high and 100 kilometers square) the potential 
temperature (0) is distributed according to the law 


(1) + Bh 


where 8, the rate at which @ increases upward, is a 
ositive constant. The horizontal plane of reference 
=0 may be assumed to be situated somewhere in the 

free atmosphere, say 3 kilometers above sea level. 

Now assume that increasing southerly winds in the 
lower layers bring warmer air masses in eons the plane 
h=0. At the same time, northerly winds bring in colder 
air above. If the new air masses have the same degree 
of stability as the original, then, in the absence of over- 
turning, we should have, for positive h— values, 


(2) 0=O_,—A+Bh, 
36369—27-——1 


and for negative values 
(3) 6=0,+A4+ Bh 


Thus the level h=0 is characterized by a sudden tem- 
perature drop of 24. Now it is obvious that such a 
sudden drop can never persist for any length of time. 
Immediately the colder air mass is brought in above the 
plane h=0, turbulence and overturning will set in and 
spread the temperature drop 2A over a small vertical 
distance. However, in order to facilitate the theoretical 
treatment, we shall here assume inat at the time t=0 
the potential temperature is distributed according to (2) 
and (3) and that at this moment the overturning begins. 
Let the thickness of the intermediate turbulent layer at 
any time be 2H; H therefore is a function of ¢ to be 
determined later. The turbulence within the layer 2H 
is accompanied by heat convection. The simultaneous 
changes in the distribution of kinetic eddy energy per 
unit mass (Z) and potential temperature (@) are inter- 
related through the two equations (1, II, 53). As 
pointed out in (/), solutions of these equations are not 
easily obtained. For the special case B=0 (convective 
equilibrium in the undisturbed airmasses) a simple in- 
tegral was, however, derived. In the general case 8 >0 
this solution is not valid; @ will no longer, as in (/, II, 
66), follow a simple linear law within the turbulent layer 
but has a more complicated analytical form. If, how- 
ever, we assume that the turbulent mixing is strong 
enough to produce an approximate linear distribution of 
6, the second equation (1, II, 53) can be disregarded. 
The distribution of EF between h= —H and h= +H is 
then determined solely by 


6E 6 E 60 
(4) | 6 bh 


Within the same layer 6, according to our assumption, is 
given by 


(5) 0 —ah 
Since 9 must be continuous for h= + H, we have 
(6) 6.—-A+BH=0,—aH 
or 
66 
7) an 
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If the variations of @ in the last number of (4) are neg- 
lected and the constant 


(8) 
is introduced, then (4) reduces to 
_at 


Now assume for £ a solution of a type already discussed 


in (1), namely 


(10) E=k(H?—h’) 


If we denote differentiation with respect to 7 by a prime 
(’), then we must have 


(11) (kH?)’—k’h?= —2k?H? + 6h*h? + qak (H?—h?) 
Since this equation must hold for any h— values, 


(12) = — 2k? H? + qak H? 
and 
(13) —k’ =6k?—qak 


Multiplying the second equation by H? and adding it to 
the first, we obtain 


(14) (H*)’ =4kH? 
or 
1 
(15) k= 


Introducing the expressions for k and a@ in (13), we obtain 

2m 2 A SH 
This equation is simplified to 


(16) 


(17) H” — HH" =3H”—q(A— BH) H’ 
Writing 


we transform (17) to 


(19) 


H 
The integral of this equation is 
(20) = mn + qgB- (A = const.) 


If we assume that the velocity of the overturning is 
finite at t=0, then A must vanish. Thus 


_ 98 
(21) H 9 3 H 
and 
Br 
(22) 


The turbulent layer will therefore never exceed the limits 
+ = The more stable the original stratifica- 
tion, the less the turbulent layer will spread. 
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The maximum value of E (for h=0) is at any time 
given by 


(23) 
This function is at a maximum when 

(24) 

Then 

(25) and 


Integrating (10) between the limits +H we obtain an 
expression for the total eddy energy, 


By means of (15) and (21) Eyota: can be expressed as a 
function of H (and thus of 7). e find, as would be 
anticipated, that the total eddy ener ill increase, 
until the temperature lapse rate within the turbulent 
layer has reached the adiabatic. At that moment all 
the available potential energy of the stratification has 
become converted into kinetic energy. From then on, 
the eddies, continuing to diffuse upward and downward 
while the lapse rate decreases, work against gravity, 
transforming kinetic energy into heat and _ potential 
energy. After a theoretically infinitely long time, when 
the convective layer has reached the limits + Ho, this 
latter energy conversion is completed and the atmosphere 
again at rest. 


CONVECTION OVER A HEATED SURFACE 


Now let us try to obtain a solution of the following 
problem: An air-mass is originally at rest and in stable 
equilibrium. The potential temperature is distributed 
according to the formula 


(26) 6=6)+ Bh, 


where 6 is a positive constant and A the height above 
ground. Suddenly (for ¢=0) the surface is heated to 
6+ A and then kept at a constant temperature. The air 
layer close to the surface will immediately assume the 
temperature @+A. Thus the lowest layers will be char- 
acterized by a superadiabatic lapse rate, which will give 
rise to turbulent overturning and convection currents. 
Within the turbulent layer the lapse of potential tem- 
perature will decrease gradually from a strong positive 
value close to the ground. To simplify the problem we 
shall, however, in this case also, assume that 6 within 
“es convective layer is distributed according to a linear 
aw, 


(27) 


1 It is easily proved that this assumption can only be approximately true. The con- 
vection current of heat through any level is determined by 
66 
—Cy.c.E- 


6=6)+ A-ah3 


where ¢p signifies the ific heat at constant pressure. In case of surface convection 
there is a steady flow of heat from the earth to the atmosphere. The above expression 
does therefore in general not vanish for h=0. Thus we must have, in the vicinity of 


ground, 
(u=|=0) 
Now we have proved (1, III, 3), that E close to the surface can be developed in the form 


E=«x- h (i+terms of higher order) 
Thus, for smal] h—values, 


vi+ 

6 in the surface layer therefore varies proportional to Vh. 
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To compute a we have, since @ must be continuous, 


(28) &+A—aH=%+ BH 
or 
(29) an 


Hi is the height of the turbulent layer. 


In (1, III) we have proved that EF close to ground 
must be proportional to ~h. Thus it is most natural 
to introduce a function P(x) by 


(30) E=z. P(e), 
where 
(31) z= 


The equation (9) then changes into 


5(2P) 
or 
8 ,,6(eP) 
(33) 4a? = | P = | 


Assume for P a solution of the form 
(34) P=a-—b2' 


where a and Bb are functions of r. 
inserted in (33) we obtain 


(35)  (4a’—4aga)x?— (4b’ — 4agb)a5= — 15abx? + 24b%x5 
a and 6 must therefore fulfill the equations 


If this expression is 


(36) a’ — aga= -# ab 
(37) b’ — agb = —6b? 


Multiplying the first of these equations by b, the second 
by a and then subtracting, we obtain 


(38) ab’ = — gap? 
or 

a\’ 9a 


Since E, and hence also P, must vanish for h=H or 
z= +H, we have 
(40) 574! 


Thus, from (39) it follows that 


(41) a=2 H’ 
(42) 
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Inserting the expression for } in (37) we obtain, after 
certain reductions, 


(43) HH” —q(4—8H) H’+3 H”?=0 

Changing the independent variable we may write 

(44) =H, 

The equation (43) then takes the form 

(45) 43H’ =q (4-H), 

which can be integrated and gives 

(46) H’= + (4 = const. ) 


Since H’ is finite for H=0, we must have A = 0. 
ing once more we obtain 


4A 
H=3g(1-6* ) 


Using (41), (42), and (34), we write tho solution for Z in 
the form 


(48) 


Integrat- 


(47) 


2 H’ 


The equations (47) and (48) constitute the solution of 
our problem. 

The maximum value of £ is found at a given time the 
height 


H 

After a few simplifications we find that E,,,; has the 
form 
(50) 
This function of 7 has its maximum value for 

(51) 
Then 

2A 

and 
(53) 


Thus Ex reaches its greatest value already before the 
lapse rate has become adiabatic. The reason for this is 
obviously to be found in the increasing dissipation of 
eddy energy at the surface. This dissipation, when H 
passes a certain value, will exactly balance the produc- 
tion of eddies, which decreases with the decreasing insta- 
bility of the convective layer. 

An example of the solution (48) has been computed 
and plotted in the figure. The following numerical 
constants have been used: 


=I, B=2-10-5, A=6 centigrades. 


Under these assumptions it is found that the maximum 
height reached by convection is the 4 kilometers level. 
In the figure the thin lines give the distribution of E 
from time to time, while the thick line shows the traveling 
of Ensx. It might be worth emphasizing that the solu- 
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tion (48) is independent of the numerical value of the 
constant a and contains only the ratio ‘, to which it is 


directly proportional. The constant a occurs only as 
multiplied by ¢ in (47). A good determination of a is 
therefore necessary if we wish to determine the velocity 
with which convection rises. 

Now, assume that the atmosphere was in indifferent 
equilibrium (8=0) until the time t=0, at which moment 
the surface was heated A degrees. Convection will then 
start and it may be assumed that FE approximately 
follows the law just derived, , 


32 


In this special case H has the value 


_gA 
(55) H= 37? H 5 


Height (km ) 


0 


ergs 


It is now possible to compute, under the assumption just 
made, the temperature distribution within the convective 
layer. According to (1, II, 53b) 

66 6 60 
oh E oh 


In this equation we have, for sake of simplicity, assumed 
c=a. One finds as a solution of this equation 


2 


Here we have denoted the constant of integration by c. 
As earlier pointed out, the transport S of heat from 
the ground to the air is at any moment given by 
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or, from (54), (55), and (57), 
(59) a+ 


Since this transport can not be infinite at the time t=0, 
the constant ¢ must obviously vanish. Thus we obtain 


and 
2 
(61) 


From (55) and (61) it is theoretically possible to 
compute the flow of heat that produces a convection 
current of given intensity. However, the following must 
be kept in mind. In deriving the temperature distribu- 
tion (60) we made use of the equation (56), according to 
which all temperature changes are due to convective 
transport of heat. Differences between absorbed and 
emitted radiation are thus not taken into account. As 
a matter of fact, part of the convection-producing flow 
of heat is conveyed to the atmosphere not through surface 
conduction, but through excess absorption, in the lowest 
air layers, of the long wave radiation from the surface. 
The more evenly this absorption is distributed throughout 
a thick layer, the less effective it will be in creating con- 
vection currents. The solution here presented therefore 
rather gives an upper limit for the convection produced 
by a given flow of heat. Writing (55) in the form 


we can eliminate A between this formula and (61). The 
result is 


(63) . /8 


Thus the rate at which the convection current rises is 
proportional to the square root of the flow of heat con- 
veyed to the lowest air layer. 

It was shown in (1), that the constant a (or c) generally 
is of the order of magnitude 10-* to ~?, and in a numerical 
calculation then made a@ was assumed to be equal to 
10-°. This later value seems, however, somewhat low. 
To obtain an idea of the magnitude of the quantities dis- 
cussed let us give a numerical example illustrating (61) 
and (62). We assume 


q=3.3, 
A=4 centigrades 
p=1073 
Cp = 0.24 
Then 
dH meters gm. cal. 
dt =158.4 10° a hour 8 84.48 c em.?/min. 


Assuming in these expressions a value for a (or c) about 
half-way between the limits given above, a=c=4.10™%, 


we find for = and S the numerical values 


dH _ meters gm. cal. 


4 
p 
: 
R 
| 
— 
: 


ay 


JANUARY, 1927 


If the surface of the earth radiates as a black body 
then it would at a temperature of 27° C or 300° absolute 


send out 0.67 aaa Thus, according to the above 


example, the heat carried off by convection is about 50 
per cent of the amount sent out through radiation during 
the same time. The rate at which the computed con- 
vection current rises seems to agree well with what we 
know about the growth of cumulus. 

In the general case, where the eddy-producing flow of 
heat is transferred to the atmosphere partly through 
radiation, the equation (1, II, 53b) has to be suitably 
modified. The relation between absolute temperature 
(7) and potential temperature (6) is, as well known, 


(64) 
Here p is the aciual pressure, P, the standard pressure 


and «x the ratio between the two specific heats. The ex- 
ponent ae has the numerical value 0.29. Multiplying 


0.29 
equation (1, II, 53b) by (B) and assuming that the 
pressure remains constant, we obtain with the aid of (64) 


p\* 6 60 
(65) p(B). ah 
If this equation is multiplied by c,, the left member 
gives the amount of heat per unit volume needed to in- 


crease the temperature of the air persecond. Accord- 


ing to (65) this heat is furnished solely by convection. 
If, however, per unit time and mass i air absorbs A 
calories more than it emits, then we have to add to the 
right member the term pA. Thus 


6T 
or 

oy 2G) 


The equations determining atmospheric convection 
now take the more general form 


The quantity A, being the difference between emission 
and absorption, is a function of 7 and hence also of 6. A 
complete solution of the convection problem is possible 
only if to the equations (68) and (69) are added Schwarz- 
schild’s differential equations for the radiation currents 
penetrating the atmosphere. In such a general formula- 
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tion however, the problem presents insurmountable math- 
emathical difficulties. 

If the last term in (69) is a known function of the height 
then the equations are easily integrated for the stationary 


case, when oF and a vanish. We leave that to the reader. 


Recently L. Keller (3) has made «£n extremely inter- 
esting attempt to derive a complete system of character- 
istics for atmospheric turbulence; in other words, a sys- 
tem of quantities which, with a sufficient degree of accu- 
racy, describe statistically this turbulence, and of such a 
nature that if given at the time t=0 they may be com- 
puted for any subsequent time. Keller’s attempt is 
based upon a generalization of Osborne Reynold’s method 
for deriving the additional stresses within a turbulent 
moving fluid. It is applied to the case of adiabatic 
movement. The problem can be solved only under cer- 
tain simplifying assumptions and then leads to a system 
of 35 functional-differential equations of a rather com- 
plicated nature. 

What we have done in this and the preceding paper is 
obviously to reduce the characteristics of atmospheric 
turbulence for the case of pure convection, with no hori- 
zontal mean wind components, to two quantities, E and 
6. To be sure, the way in which we have made this re- 
duction may, from a purely theoretical point of view, be 
seriously criticized. It seems, however, from the inte- 
grals already derived that the theory is very fertile and 
in a general way well describes several phenomena related 
to atmospheric turbulence. Little attention need be paid 
to the numerical values arrived at in this as well as in the 
preceding paper. The quantitative results are dependent 
upon several rather arbitrary assumptions. Their va- 
lidity or nonvalidity does not in any way affect the ap- 
plicability of the theory in its general form. 

It is extremely desirable that parallel with this semi- 
empirical line of work an attack be made on the turbu- 
lence problem from the pure theoretical side in the sense 
of Keller’s study. A confrontation of the two theories 
may lead to the introduction of new and useful con- 
ceptions. 

ACKNOWLEDGMENTS 


During the preparation of this, as well as of the pre- 
ceding paper on atmospheric turbulence, the author has 
continued to benefit from the constant interest shown by 
Prof. W. J. Humphreys and Mr. E. W. Woolard, for 
which he wishes to express his sincere gratitude. Dr. 
B. M. Varney has with great care assisted in the prepara- 
tion of the text. 


(1) Rosssy, C.-G. 
1926. THE VERTICAL DISTRIBUTION OF ATMOSPHERIC EDDY 
ENERGY. Monthly Weather Review, August, 1926. 
(2) Rosssy, C.-G. and WeicuTMan, R. H. 
1926. APPLICATION OF THE POLAR FRONT THEORY TO A 
SERIES OF AMERICAN WEATHER MAPS. Monthly 
Weather Review, December, 1926. 
(3) L. 
1925. User DIE AUFSTELLUNG EINES SYSTEMS VON CHAR- 
AKTERISTIKEN DER ATMOSPHARISCHEN TURBULENZ 
gre of Geophysics and Meteorology, Vol. II 
o. 3-4. 


LITERATURE CITED 


| 
: 
A 
| 
| 
| 
ome 
pay 
| 
4 
| 
| 
3 
ex 
| 
| 
i! 


6 MONTHLY WEATHER REVIEW 


JANUARY, 1927 


THE THEORY OF ATMOSPHERIC TURBULENCE—AN HISTORICAL RESUME AND AN OUTLOOK 


By Cari-Gustar Rosssy 
[Weather Bureau, Washington, March 2, 1927] 


Everyone knows that the air is only seldom in a state 
of uniform motion. The smoke from a chimney and the 
dust whirls on the ground show that the wind practically 
always is varying rapidly in velocity and direction. 
Even on quiet summer days with apparently no wind 
at all, small irregular gusts set the leaves trembling. 
Examination of a few anemometer records will confirm 
these simple observations and at the same time show that 
the degree of irregularity varies from time to time. 

We attribute these variations of wind velocity and 
wind direction to the occurrence of numerous eddies in 
the atmosphere, saying that the air generally is in a state 
of turbulence or that the atmospheric currents are turbu- 
lent. The study of turbulence has in the last two 
decades gradually grown to be a distinct branch of 
meteorology and the results have found widespread 
application in different fields. 

Our present knowledge of atmospheric turbulence is 
only to a limited extent a fruit of direct studies of ane- 
mometer records; far more is it a result of theoretical 
discussions of the internal friction of the air, supple- 
mented by analyses of curves for the vertical distribution 
of wind velocity. We shall here try to outline the de- 
velopment of this branch and also to indicate certain 
directions in which further work seems desirable. 

In his first paper on “Atmosphiarische Bewegungen’”’ 
Helmholtz (1) showed that if we want to account for 
the rapid dissipation of kinetic energy in the atmosphere 
(demonstrated by the short life of storms), the mole- 
cular viscosity of the air as determined by laboratory 
experiments is entirely too small. As an illustration, 
Helmholtz took the case of a simple laminar motion of 
the atmosphere under the sole influence of viscosity. 
He determined the vertical velocity distribution from 
the ordinary hydrodynamical equations in the form 
Euler and Navier had given them and then computed 
the time in which the velocity at all levels would decrease 
by one half.!| Using the laboratory value for the mole- 
cular viscosity of air, he obtained the amazing result 
that it would require 42,747 years. To explain the 
immensely more rapid dissipation actually observed, 
Helmholtz started from the conception of atmospheric 
surfaces of discontinuity, in other words surfaces where 
density and temperature suddeniy change. Having 
derived the equilibrium conditions for these surfaces he 
showed that they can exist only for a short time, because 
they are unstable, and therefore under the influence of 
small disturbing forces roll up in vortices. ‘In these 
vortices the originally separated air masses are folded 
around each other in more and more numerous and 
therefore thinner and thinner layers, and in this way, 
through the tremendously magnified contact surface, a 
of temperature and velocity is pos- 
sible. 

After Helmholtz had shown the inadequacy of the 
molecular viscosity term in the classical Puler-N avier 


1 In the equation for the movement along the x-axis (assumed horizontal) the viscosity 
term has the form 
(SSB) 
#\ 622° 


where x is the coefficient of molecular viscosity, and u is the velocity component alon 
the z-axis. In the atmosphere, where the horizontal variations of velocity are sma 
compared with the vertical, the first two terms can generally be neglected (the z-axis is 
assumed vertical), Thus the frictional term reduces to 


equations when applied to large atmospheric move- 
ments, Guldberg and Mohn (2) attempted to find other 
equations containing frictional terms which would better 
account for the dissipation of kinetic energy within the 
atmosphere. 

According to these authors the friction is simply 
proportional and opposite to the wind velocity. Their 
equations, which describe comparatively well the move- 
ments of the surface layers, in which the chief frictional 
influence is the resistance from the ground, were improved 
by Sandstrém (3). He showed that the frictional force 
acting on the surface layer is not exactly opposite to the 
wind direction, but is deviated to the right (in the 
northern hemisphere) and explained this deviation as the 
effect of the frictional drag exerted by the upper layers. 
From measurements on synoptic maps he found the 
average value of the angle between the total frictional 
force on the surface layer and the reversed wind direction 
at the surface to be about 38°. 

However, these semiempirical equations served only 
the purpose of describing the movements of the surface 
layer and could not contribute to a deeper understand- 
ing of atmospheric movements, and especially of the 
nature of the frictional interaction between different 
horizontal layers. The first fundamental step toward 


the solution of the latter problem was taken by Akerblom 
(4). His starting point was the assumption that the 
Euler-Navier equations in principle describe atmospheric 
movements correctly if we substitute for the coefficient 
of molecular viscosity another, suitable coefficient 
characterizing the apparent or viral atmospheric 


viscosity. Under this assumption Akerblom integrated 
the dynamical equations for the simple case of recti- 
linear motion with straight parallel isobars and obtained 
a certain curve for the vertical variation of wind velocity 
and wind direction.2? Comparing the theoretical results 
with observational data from the Eiffel Tower, he could 
determine the coefficient of the virtual viscosity. This 
turned out to be many thousand times larger than the 
molecular viscosity. Thus the molecular viscosity of 


airat0°C. is equal to 0.000170 Sar , whereas the values 


cm. 

found by Akerblom vary between 87 cm. sec. 2 Winter 
and 113 —*™". in summer. Using these new values 


Akerblom obtained a close agreement between the 
theoretical and the observed curves. Thus he had 
proved that if a suitable virtual viscosity coefficient is 
used, the Euler-Navier equations can be applied also 
to the study of large atmospheric movements. As seen 


from the numerical values given above, Akerblom also 
found that the virtual friction has a marked seasonal 
variation. 

Akerblom’s ideas were further developed by Hesselberg 
and Sverdrup (6). They had at their disposal the abun- 
dant aerological material from the observatory at Linden- 
berg and could determine the value of the virtual viscosity 
for different layers. They found that the coefficient in- 
creases from a very small value close to the surface up to 


2 Akerblom was led to his investigation through a paper by V. W. Ekman (6), who 
had already solved theoretically a corresponding problem for the sea, i. e. the determina- 
tion of the vertical distribution of velocity in a drift current. 


| 
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a many times greater value at about 300 meters; from 
here on it remains comparatively constant with height.’ 

So far the values of the virtual coefficient of viscosity 
had all been obtained from the ordinary hydrodynamical 
equations. These equations simply tell what the velocity 
distribution will be if the virtual friction has acertain value. 
They, therefore, allow us to draw certain conclusions from 
an observed velocity distribution as to the value of the vir- 
tual friction. However, they do not tell us the physical 
factors that produce the virtual friction. Now Aker- 
blom’s, as well as Hesselberg’s and Sverdrup’s work had 
shown that the virtual friction varies in space and time. 
The question of the causes of this virtual friction and its 
variations therefore naturally arose. Investigations with 
this definite program were not at once taken up. How- 
ever, some very important studies were made which in a 
way prepared for the solution of the new fundamental 
problem. 

In 1915 Taylor published a paper (9), which for the 
development which was to follow became of highest 
importance. Hesselberg and Sverdrup recognized that 
the virtual friction was due to turbulence, in other words 
to the numerous small eddies superposed on the larger 
atmospheric movements, but they did not show how the 
turbulence could produce such an effect. This was the 
task to which Taylor set himself. 

Taylor started from the fact that there is constantly 
a more or less intensive exchange of mass between the 
different (horizontal) air layers. Small eddies are con- 
stantly leaving their mother layer and traveling upward 
or downward until they gradually are assimilated by 
the surroundings. This exchange of mass is accom- 
panied by an exchange of the properties characteristic 
of the different air , el for instance, their water 
vapor content, heat and horizontal momentum. As a 
result there will be a transport of, for instance, water 
vapor upward if this element decreases with height, 
and downward if it increases with height. The magni- 
tude of the upgrade current of water vapor passing 
through a horizontal unit surface per second is equal to 


6z 


where c is a coefficient, called by Taylor ‘eddy conduc- 
tivity,” and m is the water vapor content in grams per 
gram of moist air. When the same reasoning is applied 
to the temperature (which was the element first treated 
by Taylor) it must be borne in mind that this quantity 
is not an invariant, characteristic of the layer, as is for 
instance the case with the amount of water vapor per 
gram of moist air (as long as no condensation takes 
place). On the contrary, when an eddy leaves the 


* The latter conclusion, namely, that the coefficient of virtual friction from a few 
lundred meters above surface remains constant with height, seems not justifiable. 
Using the notations introduced in footnote 1 we have for the z-component of the frictional 


Stress per horizontal unit surface the expression eee Now, since wis variable, it is easily 


Proved that the resultant frictional force per unit layer will be equal to a (Hf) * Incom- 
puting their y-values Hesselberg and Sverdrup replaced this expression by » 577’ thus 


neglecting the term °, mu which is of the same order of magnitude as u ae That this 


approximation highly affects the results of the computation has been shown in another 
Place (7). There is, moreover, a principal difference between a frictional term of the type 


6 
and one of the type The former will, since is essentially positive, always 
82 
have the same sign as om whether u is variable or not, and will therefore always tend 
to annihilate eeisr Sree of velocity. The latter expression may, however, on 
account of the term = z have the opposite sign to > In this case differences of ve- 


locity alread 
into veal y gristing my under favorable conditions increase and finally develop 
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mother layer on its upward or downward route it is 
expanded or compressed adiabatically, thus all the time 
changing its temperature. We know, however, that the 
temperature (0) remains constant during all 
adiabatic processes. This quantity, therefore, is an in- 
variant, characteristic of the mother layer of the eddy, 
and the reasoning above may therefore be applied also 
to the discussion of eddy transport of potential tempera- 
ture. The transport upward of potential temperature is, 
per unit cross section, equal to 


60 


where the coefficient c probably has the same value as 
in the expression for the transport of water vapor. 
The important result of this application is, that as long 
as the potential temperature increases with height, as it 
practically always does, the turbulence carries potential 
temperature and therefore heat downward. Only in the 
case of unstable stratification (upward decreasing poten- 
tial temperature) do the eddies carry heat upward, — 

Applying the same method to the horizontal mo- 
mentum, , el found for the gain of momentum in a 
certain layer an expression of the same form as the princi- 
pal part of the frictional term in the Euler-Navier 
equations. Thus it was proved, that the turbulent 
exchange of mass between different layers is responsible 
for the virtual friction in the atmosphere and a new 
independent proof had been obtained for the validity of 
the Euler-Navier equations, provided only a proper 
viscosity coefficient is used. Taylor introduced instead 
of the term virtual friction the name “eddy viscosity,” 
which now is generally accepted among English writers. 

For the vertical transport of horizontal momentum 
through unit surface he obtained the expressions 


Here u and » are the two horizontal velocity components 
and u the coefficient of eddy viscosity. Taylor suggested 
for theoretical reasons that eddy viscosity and eddy 
conductivity are equal. His own as well as later measure- 
ments seem to confirm this view. 

A little later V. Schmidt (1/0) published a study of a 
very similar nature and reached the same conclusions as 
Taylor. Schmidt has worked intensively on the applica- 
tion of the equations for eddy convection of heat and 
water vapor to various questions. He discussed, for 
instance, the diurnal variation of temperature in the free 
atmosphere, the influence of large cities on climate, etc. 
He, more than anyone else, has shown through his 
investigations the wide applicability of these mathemati- 
cal methods to the most varying problems. 

With only slight alterations the methods of Schmidt 
and Taylor may be applied to the study of the horizontal 
transport of heat and water vapor from the equator 
toward the poles. In this latter case cyclones and anti- 
cyclones are regarded as eddies superposed upon a 
general West-East circulation. While on account of the 
entirely different order of magnitude of cyclones and 
anticyclones as compared with the eddies of the free 
atmosphere, their coefficient of eddy conductivity has 
values of a different order of magnitude, nevertheless 
the principles of the treatment remain the same. This 
horizontal convection problem was taken up by Defant 
(11), Exner (12), Angstrém (13). Schmidt introduced 
the term ‘“Austausch” (exchange), which in the main 
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coincides with Taylor’s “eddy conductivity” and which 
is generally used by German writers. 
aylor’s and Schmidt’s work immediately stimulated 
a very active study of the eddy activity in the atmos- 
phere. L. F. Richardson, one of the first to take up the 
problem after them, computed by means of the most 
varied methods a number of values of the eddy conduc- 
tivity and eddy viscosity. A very complete table of his 
own values as well as those obtained by other authors 
is published in his book ‘‘ Weather Prediction by Numeral! 
Process” (14). These values vary between such wide 
limits as 0.001 and 1030—"""™"5__ Thus it is evident that 
cm. X sec. 
a value of the eddy conductivity without indication of 
the circumstances under which it was obtained is useless. 
By ‘‘circumstances”’ in this case we mean the conditions 
ei determine the state of turbulence; thus, we are 
again led back to our fundamental question. However, 
Richardson’s tables seem to indicate as a general conclu- 
sion that the eddy conductivity is very small close to the 
surface, then increases to a maximum within the first 
kilometer, and finally at the higher levels again decreases 
(compare footnote 3). 

His data also show another peculiarity, which may 
throw a certain light on the arrangement of the atmos- 
pheric eddies. If we place at a certain level a coordinate 
system with the x-axis in the direction of the wind and 
the z-axis along the vertical, then we have at this level, 


u+o, v=o (u, v, w denote the velocity components). 
Since, however, wind direction and wind velocity vary 
with height, we have 
bu 
The eddy stress per cm.” at the level z=o has the 
components 


oO. 


_ bu 
ay 
and 
_ bv 
Richardson found that « does not have the same value 
in both these expressions, but is about seven times larger 
in the latter case. Thus there is a small resistance against 
a variation of the velocity with height, but a very strong 
resistance against a change in wind direction. We can 
understand this if we imagine that the eddies are ar- 
ranged in long rolls with horizontal axes, everywhere 
orthogonal to the wind direction. Just as only a small 
impulse is needed to push a wagon forward or backward, 
while very great force must be applied to push it side- 
ward, in the same way the upper layer rolls easily over 
the lower in the direction of the wind, but there is a 
great resistance when it tries to move in another direc- 
tion. It is obvious that this lack of isotropy in the 
arrangement of the eddies, which has not yet been sys- 
tematically investigated, besides being important for the 
dynamics of the atmosphere, should also be taken into 
consideration in computing the resistance against bodies 
moving through the air. An airship moving in the wind 
direction and one moving at right angles to it, should 
not, other things being equal, experience the same resist- 
ance. 
Richardson was the first to take up the general problem 
of determining the physical factors which create tur- 
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bulence. In his paper ‘‘'The Supply of Energy to and 
from Atmospheric Eddies’ (15), he sets himself the 
task of finding a criterion for the conditions under which 
the kinetic energy of eddies, in brief the turbulent 
energy, will decrease or increase. This idea was in 
itself not new; it had been used by Osborn Reynolds, 
who had derived a Criterion of Turbulence for an incom- 
pressible liquid. In the same way as in a small scale 
hydrodynamical experiment molecular viscosity is trans- 
forming the kinetic energy of the visible movement into 
invisible molecular kinetic energy, i. e. heat, so eddy 
viscosity transforms the kinetic energy of the regular 
movement into kinetic energy of turbulence. Reynold’s 
theorem says that the increase of the total turbulent 
energy within a closed system must be equal to the gain 
of turbulent energy from the mean motion (through 
eddy viscosity) minus the loss of turbulent energy 
(through molecular viscosity). The latter transforms 
turbulent energy into heat. 

In the application of this theorem to the atmosphere 
Richardson had to generalize it considerably. The 
atmosphere is not incompressible, but is an ideal gas 
under the influence of an external field of force, gravity. 
Thus he had to take two new energy forms into considera- 
tion, potential and internal. These two forms of energy 
are however closely connected. Dines (and before him 
Margules) had shown that the total change of potential 
energy within a vertical air column, limited by fixed 
walls, always stands in a constant proportion to the 
change of internal energy.‘ Now it is easy to see that 
in general the activity of the eddies increases the potential 
and therefore also the internal energy of the atmosphere. 
If the lapse rate is stable, then a small eddy, lifted from 
mother layer, will arrive in the new layer colder than the 
surroundings and therefore try to sink. Energy is 
therefore needed to produce the lifting and it is drawn 
from the kinetic energy of the eddy which thus is trans- 
formed into potential energy. Similarly, an eddy moving 
downward from its mother layer will everywhere arrive 
warmer than the surroundings and therefore try to rise. 
Work is again needed and is taken from the kinetic 
energy of the eddy. Richardson showed that the loss 
of turbulent energy through this work against the 
generally stable vertical stratification, that is, against 
gravity, is much more important than the loss through 
the action of molecular viscosity, which all the time, 
but very slowly, is transforming turbulent kinetic 
energy into heat. It is, therefore, in most cases 
permissible to neglect entirely the molecular shew on 

Now the production per unit volume of turbulent 
energy from the kinetic energy of the mean motion is 


equal to 
4 (G2) +(e) | 
For the loss of turbulent energy through work against 
the stratification, Richardson finds the expression ° 


cg (g= acceleration of gravity) 


. ‘If = potential energy is denoted by P, the internal by I, and a variation is indicated 
y 5, then 


R 


Here R is the absolute gas constant, m the molecular weight of air and cy the specific 
heat at constant volume. 

5 The expression originally given by Richardson contains the vertical lapse rate of 
specific entropy; in case of dry or clear moist air it can, however, with only slight error 
be transformed into the expression given above. This latter expression shows, that in case 
of upward decreasing potential temperature, potential and internal energy are trans- 
formed into eddy energy. 
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Thus, in order that the turbulent energy may decrease 
at a certain point, we must have 


bu\? (bv 1 60 
If we assume yw -and c, eddy viscosity and eddy con- 
ductivity, to be equal, then the above expression can be 
still more simplified. Richardson’s theorem may be 
formulated in words: 

To every value of the vertical lapse rate of temperature there 
corresponds a critical value for the increase of wind with 
height. If the increase actually observed is less than the 
critical value, then the turbulence (more definitely the eddy 
energy) has a tendency to decrease. If the vertical increase 
of wind velocity exceeds the critical value, then the eddy 
energy has a tendency to increase. 

For an average clear day the critical value (in the 
troposphere) is equal to 1 m/sec. per 100 m. 

Richardson’s criterion closely resembles the definition 
of the critical Reynold’s number. In investigating the 
flow of a liquid, for instance water, through a narrow 
pipe of given diameter D, we mean by Reynold’s number 
the quantity 

eUD. 


pis the density, u the molecular viscosity and U the mean 
velocity through a cross-section of the pipe. As long 
as U remains small, the flow will be laminar, but when 
U passes a certain critical value, the laminar flow brakes 
up into eddies and becomes turbulent. 

Richardson in the paper already cited (/5) also laid 
down the fundamentals of what he called ‘‘Eddy- 
Thermodynamics.” He proved that if a volume, con- 
taining numerous eddies, is expanded or compressed 
adiabatically the total turbulent energy (and therefore 
also the eddy energy per unit mass £) will vary with the 
density p according to the law® 


E=const. p! 


This relation has the same form as the relation between 
temperature and density in a monatomic gas which is 
expanded adiabatically. It has not yet found any 
practical application, but Richardson points out that 
it may have some bearing upon the state of turbulence 
in an gir mass flowing up or down a hillside or entering 
into a huge convection cloud. 

Finally, Richardson pointed out, that there is in the 
atmosphere not only a production and consumption of 
eddies but also a diffusion of them from regions where 
they are crowded to regions where they are rare. As an 
example he gave the experience of an aviator flying at 
about 700 m. over the Nile. Early in the morning the 
air was calm and the river smooth as a mirror, but when 
the sun began to heat the ground, small ripples formed 
on the ae a of the water. About half an hour later 
the aviator could feel the first een from the rising tur- 
bulence. In the air, eddies of all sizes are present. The 
larger ones, traveling from one layer to another, will 
carry numerous smaller eddies with them. The diffusion 
of these small eddies, of which there may be a great 
number in one large eddy, probably follows a law similar 


® This formula suggests the introduction of a quantity == £. p-#, which remains con- 
stant during adiabatic expansion or compression of the air. Richardson gave = the 
name ‘potential eddy-heat per unit mass.” 
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to that given for the turbulent transport of potential 
temperature. Whether the diffusion of large eddies obeys 
the same law seems impossible to prove in any other 
way than by the success or failure of a theory based on 
that assumption. 

Now let us sum up what had been achieved by Rich- 
ardson and his predecessors and what remained to be 
done. The gains were: 

1. An expression had been derived for the production 
of eddy energy from the kinetic energy of the mean 
motion. 

2. An expression had been derived for the loss of eddy 
energy through work against a stable stratification, and 
for the gain of eddy energy in case of an unstable strati- 
fication. 

3. A criterion had been found for the conditions under 
which an air current will remain laminar or become tur- 
bulent. 

4. An equation of continuity had been derived, express- 
ing the increase of eddy energy in a closed system as 
the difference between production and consumption of 
eddies within the system. 

The shortcomings of the theory as an aid to the solution 
of the general problem are 

1. The state of turbulence is characterized by three 
different quantities, 


eddy viscosity yu 
eddy conductivity ¢ 
eddy energy FE 


2. Between these three characteristics there is as yet 
only one relation, the energy equation. Thus two of the 
above characteristics of the turbulence remain unde- 
termined. 

3. The energy equation refers to a closed system and 
can therefore not be used for computation of the state of 
turbulence at individual points. 

The reason why Richardson’s equation can not be 
applied to any small element of volume is obvious. Such 
an element can not be regarded as a closed system. 
There is diffusion of eddy energy through the boundaries 
of the elements; therefore new assumptions concerning 
this diffusion have to be made and perhaps new charac- 
teristics of the turbulence introduced. 

In two contributions to this journal (1/6, /7) I have 
tried to modify the theory in a way to take care of the 
difficulties mentioned above. Naturally, a number of 
assumptions were necessary, justification of which must 
be sought in the results of the theory. The fundamental 
assumptions are: 

1. Eddy energy per unit mass (£), which quantity for 
brevity’s sake may be called specific eddy energy, is 
diffused upward per cm? and sec. at the rate of 


bE 


7 (eg is a coofficient) 


2. The characteristics of the turbulence tus intro- 
duced, 
eddy viscosity yu 
eddy conductivity c 
diffusion coefficient cz 
specific eddy energy 


are reduced to one, /, through the assumption that yu, ¢, 
and are all proportional to E£. 
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The expression for the diffusion current of eddy energy 
is formed in a way analogous to the corresponding expres- 
sions for the diffusion of other meteorological elements. 
Since, however, not the specific eddy energy but the 
potential eddy energy (see footnote 6) remains constant 
during the transport of an air mass from one layer to 
another, it would perhaps have been more correct to 
introduce the latter quantity in the expression for the 
diffusion current. 

The assumed proportionality between yp, c, cz and Eis 
probably a at approximation for regions of the free 
atmosphere where the linear dimensions of the eddies 
differ but little from point to point. Approaching the 
ground, however, we find that the eddies rapidly decrease 
in size. The assumption is therefore probably not 
fulfilled in this region. 

It is easily seen that if the energy equation is applied 
to a small volume element and the diffusion through the 
boundaries taken into account, this equation will become 
a differential one. If, furthermore, we introduce E every- 
where instead of yw, c, and cg, we obtain a differential 
equation which permits us to compute the distribution 
of the specific eddy energy at any time, if this distribu- 
tion is known at a certain moment. The coefficients of 
the new differential equation contain the quantities 


bu\? 1 66 
: 

in other words, the increase of wind velocity and potential 
temperature with height. Thus the solution of our 
differential equation gives us the specific eddy energy as 
a function of the vertical distribution of temperature 
and wind. 

As a test of this theory the equation for E was inte- 
grated for a number of simple cases. Thus the diffusion 
under different conditions of an originally limited supply 
of eddy energy was discussed une qualitatively satis- 
factory results were obtained. Assuming a simple 
vertical distribution of temperature and wind velocit 
reasonably corresponding to normal atmospheric condi- 
tions, a curve was derived for the vertical distribution 
of the specific eddy energy and thus, by virtue of our 
second assumption, also he the eddy viscosity. This 
curve agreed well with measurements of the vertical 
distribution of eddy viscosity (18). 

If, in the case of no mean motion, the equation for 
E is combined with the equation for eddy convection of 
heat, a system is obtained, containing two variables, E, 
the specific eddy energy, and 6, the potential temperature. 
This system furnishes us with the general solution of the 
problem of thermal convection. The solution may, how- 
ever, not be applied to the discussion of, for instance, the 
growth of an individual cumulus cloud. The whole 
theory is statistical, i. e., it deals with the behavior of a 
number of eddies, not with the growth and decay of 
individual eddies. 

For a real test of the theory it would be highly desirable 
to get some values of the specific eddy energy at different 
levels. Such values could probably be computed from 
records obtained by anemometers or other instruments 
registering gustiness. It would be especially desirable to 
have such records from some distance above the ground, 
since the dimensions of the eddies in the surface layers 
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are small compared with those of the free atmosphere, 
More observations of the rate of diffusion of turbulence. 
of the same type as the example quoted from Richard- 
son, would also aid the development of the theory. 

Simultaneous with these observations of specific eddy 
energy and the rate of diffusion, we should measure the 
vertical distribution of wind and temperature as well as 
eddy viscosity. I hope later to discuss more fully meas- 
urements referring to turbulence in general. 
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CRITICAL SPRING TEMPERATURES FOR APPLES IN THE YAKIMA VALLEY, WASH. 


By Ecxurzy S. Exviison! and Wiisur L. Cross? 


[Weather Bureau, San Francisco, Calif., January 21, 1927] 


INTRODUCTION 


Orchard heating in the apple-growing sections of the 
West has grown to large proportions during recent years, 
especially in the State of Washington, where the western 
apple production is centered. 

nterest in the protection of orchards has led to an 
insistent demand for more accurate information on the 
subject of damaging temperatures. Just how low the 
temperature may safely be allowed to go has an important 
economic bearing in orchard heating. Growers are not 
convinced that the scale of damaging temperatures now 
in use covers their needs satisfactorily. There are too 
many apparent exceptions to the general rules, and it is 
now evident that the stage of development of the bloom 
is far more important than generally has been realized. 
The growers ask, too, that a new scale of damaging tem- 
peratures be based, not upon laboratory experiments, 
but upon results observed under field conditions. 

The primary step in an investigation of this kind is to 
secure accurate records of orchard temperatures. The 
United States Weather Bureau, through its fruit-frost 
service, began to secure such records in the spring of 
1923. In the spring of 1924 and afterward the work was 
carried on through a cooperative agreement between the 
Weather Bureau, the State of Washington, and the 
county of Yakima. This article summarizes the results 
. = investigation up to and including the spring of 


NATURE OF THE INVESTIGATION 


All temperature records used in this paper were ob- 
tained with standard Weather Bureau equipment, con- 
sisting of horizontal recording minimum thermometers 
and special 29-hour thermographs, although in a few 
instances 7-day thermographs were used. These instru- 
ments were exposed in ‘‘fruit-region”’ shelters with the 
thermometers 414 feet above the ground. In these 
respects the instruments and exposures were the same as 
those used by Young and Cate in similar work on pears 
in the Rogue River Valley, Oreg. (/). 

Shelters were placed in the orchard and estimates of 
damage were made from those few trees immediately 
surrounding the shelter. At first no attempt was made 
to divide the tree into upper and lower portions for 
determining the damage separately in each portion, but 
later (1925) this was done. After each frost a count of 
blossoms was made to determine the amount of damage. 
In some cases a careful orchard examination was all that 
was necessary to determine that no damage had been 
done, but in all cases where damage was discovered a 
count of blossoms was made. 

From 100 to 400 blossoms were cut open and examined 
at each count. A slightly discolored blossom was classed 
as uninjured if none of the seeds had been killed. The 
data in this article are based on a total count of 44,596 
blossoms, not considering those counted in orchard 
examinations, during the four years of the work. 

Observations were made on several varieties of apples 
grown in Yakima Valley orchards, the Winesap, Jon- 
athan, Rome Beauty, Newtown, Delicious, Grimes 


1 Meteorologist, Weather Bureau. 
? District horticultural inspector, Yakima and Kittitas Counties, Wash, 


Golden, and Stayman; principally, however, on the five 
leading commercial varieties, Winesap, Jonathan, Rome 
Beauty, Newtown, and Delicious. 


STAGES OF DEVELOPMENT 


In most researches on temperatures that cause injury 
to fruit only three stages of development have been 
recognized: 1, Buds closed but showing color; 2, buds in 
full bloom; and 3, buds where the petals have fallen. 
Practical experience has shown, however, that this 
classification is not detailed enough. Too great a range 
in development and too great a difference in critical 
temperatures exist between the three stages. It becomes 
necessary, therefore, to develop a more detailed classi- 
fication. 

A new classification scale, based on careful experi- 
ment, has been devised. It not only brings in the desired 
detail, but also provides that in practically every instance 
all the fruit buds on any apple tree, regardless of variety, 
at any given time fall automatically within not more than 
three stages in the scale; that is, the prevailing stage and 
the usual shading into immediately adj acent stages. 

The new scale: 

Stage Description 


1___ Fruit buds dormant. 

2___. Fruit buds breaking open and showing the green tips of 
emerging leaves. 

3... Individual buds discernible in cluster, but tightly massed 


together. 

4___ Individual buds widely separated in cluster, but no color 
showing. Buds are still tightly closed. 

5... Center bud showing color; other buds in the cluster break- 


ing open. 
6... All fruit buds showing color. 
7... Center bud in full bloom; other buds about to open into 
full bloom. 
8... All buds in full bloom. 
9___ Petals have fallen. 
10... Small green fruits. 


RELATION OF BLOSSOM AND CLUSTER DAMAGE TO CROP 
DAMAGE 


Apple trees, like most deciduous fruit trees, produce 
a large amount of bloom that never matures, even under 
the most favorable conditions. Assuming a moderate 
to heavy bloom, if 1 fruit bud in 1 cluster in 4 be allowed 
to mature—the generally accepted rule for artificial 
thinning of apples in such cases—a practical estimate 
may be reached as to the amount of overproduction of 
bloom. If each cluster contains 5 buds, the usual 
average for most varieties, then if 1 bud in 20 }» allowed 
to reach maturity to produce a full crop, ‘he over- 
production of bloom is 95 per cent. In this (/::oretical 
case it is obvious that 75 per cent of the cl: sters also 
are not allowed to produce mature fruit. 

Practically interpreted, this means that 95 per cent 
of all the individual fruit buds, which also includes 75 
per cent of the clusters, can be pinched off without 
reducing the final crop, provided, however, that the 
remaining fruit buds and clusters are properly spaced 
on the tree and that all buds produce mature fruit. 
Moderate blossom damage can occur without serious 
reduction in the final crop, since in such cases usually 
oneforgfmorefliveg{buds remain in each cluster, unless 
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Fig. 1.—The stage of development and the temperature of the dew-point are important 


factors in determining critical temperatures. The first frost occurred with an evening 
dew-point of 34° and caused 1 per cent damage to Winesap in Stage 6; the second frost 
occurred with an evening dew-point of 24° and caused 96 per cent damage to Winesap 
in Stage 8. Note that the duration of low temperatures with the second frost was 
much shorter than with the first, although closely the same minimum temperatures 
were reached. The thermograms in this figure are representative also of the frosts on 
similar dates in Test Plot No. 2, when damage was caused to Stayman, Grimes Golden, 
and Delicious 
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Fig. 3.—The first frost occurred with an evening dew-point temperature of 23° and 


caused 26 per cent damage to Winesap and 40 per cent damage to Jonathan in Stage 6. 
The second frost occurred with an evening dew point temperature of 10° and caused 
only 19 per cent damage to Winesap and no further damage to Jonathan in Stage 8. 
Judging from the lower dew-point temperature, the more advanced stage of develop- 
ment, and the greater number of hour-degrees of frost with only a slight difference in 
the minimum temperature, the second frost should have been more damaging than 
the first. The reason why it was not is evident from the above diagram which shows 
that the duration at temperatures lower than 30° was longer with the first than with 
second frost. Another point to be considered is that the first damaging frost usually 
kills the weaker buds, leaving only buds which sometimes are able to withstand even 
more severe frost on a later date 
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Fig. 5.—These two frosts were responsible for the loss of the crop from Test Plot No. 8. 


Undoubtedly, the second frost alone would have caused almost total damage. Note 
especially the rapid rise in temperature after sunrise April 24. When blossoms are 
frozen, rapid thawing causes the cell walls to rupture and the blossom loses its moisture 
through evaporation. Two days after this frost the dried-out blossoms were dropping 
heavily from the trees. The thermograms in this figure are quite representative of 
temperature conditions on similar dates in Test Plots Nos. 4 and 6 
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ry, 3s two frosts both occurred with low evening dew-point temperatures. 
e 


second frost was more damaging than the first to Winesap and Jonathan, chiefly 
for three reasons: (1) More advanced stages of development. Blossoms were in Stage 
6 on April 15th, and in Stage 8 on April 24th. (2) Longer duration of low temperature 
my a lower minimum temperature. (3) More rapid rate of rise in temperature in 
the morning 
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Fig. 4.—These two frosts both occurred with low evening dew-point temperatures. The 


first frost produced 48 per cent damage to Winesap and 56 per cent damage to Jonathan 
in Stage 8. The second frost produced no further damage to Winesap and 5 per cent 
additional damage to Jonathan. In general, the second frost was as severe as the first 
when the durations of low temperature are considered. Apparently, the first frost 
killed most of the weaker buds, while the remaining buds were able to endure the 
shock of a frost, almost equally severe, on the following morning 
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Fig. 6 

The frost on April 15 caused over three times the amount of damage to Delicious in 

Stage 6 than to Grimes Golden in the same stage. The frost on April 24 killed all 

fag en i buds of both varieties in Stage 8. Note the rapid rise in temperature 
the morning 
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Fig. 7. The most striking example obtained during four years of damaging temperature 
work, is the fact that severely low temperatures may be endured with little or no damage 
when the temperature of the dew point is high. Note the lag that occurred in the rate 
of rise in temperature in the morning. The day, also, was cold, with occasional snow 
squalls and rain. Compare the damage caused by the frost on April 4, 1926, with the 
damage caused by the frost on April 15, 1924, in Test Plots Nos. 3 to 9, when a less severe 
frost, occurring with low dew-point temperature, caused greater damage to apple blos- 
soms in the same stage of development. The frost on April 22 caused some slight 
damage to Winesap and none to other varicties. The fact that an abnormally heavy 
— of Winesap occurred a few days later indicates that the buds were probably in a 

weakened state and easily damaged by frost 
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Fig. 8. The only frost of which we have a record that produced damage in Stage 10. In 
the opinion of the investigators, apples are most easily injured by frost in Stage 9-10, or 
just after the petals have fallen and before the epples have attained any considerable 
growth. Newtown apples were not injured by this frost, chiefly because these fruits 
were of larger size than the other varieties on the test plot 


stipe frosts have produced heavy blossom damage. 
mall cluster damage, however, usually means crop 
damage to some extent, since almost invariably after 
damage frost-killed clusters predominate in certain 
portions of the tree, usually on the lower limbs or along 
certain sections of individual branches. A fruit cluster 
is damaged when all the buds that comprise it have 
been killed, since, at most, each cluster is only allowed 
to produce one fruit. 

It is only by considering blossom damage in connection 
with cluster dnildcze and with due regard to the amount 
of damage previously done that the extent of crop injury 
may be correctly judged. For the purposes of this 
study the amount of anes damage is the important 
consideration, as we are chiefly concerned with the 
critical temperatures of the blossoms themselves. 


HOW FROSTS ARE DESCRIBED IN THIS STUDY 


We give the date of occurrence, the minimum temper- 
ature, the total length of time the temperature remained 
at and below 32.5° F. (denoted as hours of frost by the 
+ rg H. F. in the tables), and the temperature of the 

ew point, ° F., at 4:40 p m. on the preceding day 
(denoted in the tables by D. P.). In cases of unusual 
interest we present an enlarged thermograph trace to 
augment the tabulated data. 
emperature data listed in the tables do not fully 
describe the temperatures endured by the blossoms under 
observation. The hours of frost and the minimum 
temperature can serve only as rough indexes in indicating 
the severity of frost. uctuations in temperatures 
and minor changes in the rate of fall after the freezing 
point has been reached may cause greater differences 
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in the duration of temperature at temperature levels 
lower than 32.5° than would be indicated by the actual 
duration at 32.5°. See Figure 3 for an illustration of 
this condition. 

The most severe frost it is possible to conjecture is one 
where the duration at the minimum temperature is ex- 
actly the same as the duration at the freezing point. 
Such a condition never occurs in nature. The closer a 
given frost approaches this limiting condition, however, 
the more severe it must be regarded. Thermograms, 
therefore, are quite necessary to accurately describe frosts. 
Lack of space unfortunately prevents the inclusion in 
this study of thermograms for each frost listed in the 
tables. A few of the more important cases have been 
selected for which thermograms are presented, in order 
that these frosts may be accurately described. 


DISCUSSION OF PROBLEM 


Many factors bear on the amount of damage caused by 
frost and make the determination of critical temperatures 
an exceedingly complex matter. These factors, enu- 
merated and briefly discussed, are: 

1. State of weather preceding frost.—Blossoms are tender 
apparently, when the previous weather has been such as 
to cause rapid advancement in bloom. 

2. Vitality —Weak blossoms are injured more easily by 
frost than strong blossoms. See Figure 7. 

3. Variety—Some varieties of apples are more sus- 
ceptible to frost injury than others. See Figure 6. 

4. Stage of development of blossons.—The more ad- 
vanced the stage of development the more susceptible 
are the blossoms to frost injury. See Figure 1. An ex- 
ception to this rule occurs in Stage 10, when the apples 
are beginning to take on size. The larger fruits are not 
as easily killed as the smaller ones. See Figure 8. 

5. Amount of previous frost damage.—The first damag- 
ing frost usually kills the weaker buds, and sometimes 
leaves buds which are able to withstand even more severe 
frost on a later date. See Table 2, test plot No. 5, Wine- 
sap, April 24 and 25, 1924. See also Figures 3 and 4. 

6. Severity of the frost.—Other conditions being the 
same, the lower the minimum temperature and the longer 
the duration at low temperatures the more damaging the 
frost usually proves to be. See Figures 1, 2, and 3. 

7. Temperature of the dew point.—Other conditions be- 
ing the same, greater damage almost invariably occurs 
when the evening dew-point temperature is low than 
when it is high. See Figures 1 and 7. 

8. Rate of rise in temperature following the frost—When 
plant: tissue is frozen, rapid thawing releases moisture 
faster than it can be reabsorbed by the tissue. The plant 
cells are then ruptured and killed. When the thawing is 
gradual the plant tissue may be able to take up the 
moisture as fast as it is released. The plant cells then 
remain intact and alive. When blossoms are frozen the 
damage may be great or small, depending on the rate at 
which thawing is accomplished. See Figures 5, 6, and 7. 


NOTES ON THE SERIES OF OBSERVATIONS 


Spring of 1923.—Apples bloomed from two to three 
weeks later than usual, owing to cold and unfavorable 
growing weather. Due to the lateness of the season 


frost did little damage in the Yakima Valley apple 
orchards as a whole, and good crops were harvested 
quite generally. 

Observations were made on two test plots, both located 
in the same orchard in about the coldest part of the large 
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Wide Hollow draw. This orchard had never proved 
profitable, and consequently was being given only nominal 
attention. Care was taken, however, to select for our 
work only trees that seemed healthy and vigorous. Dur- 
ing the summer and fall of 1923 the orchard was cut down 
by the owner as a climax to his unprofitable venture, 
thus making a final check on the crop difficult to obtain. 

Of the seven varieties of apples under observation, all 
the trees except the Delicious were about 11 years old 
and bore a light to moderate amount of bloom. The 
Delicious tree was about 7 years old. 

Damaging temperature data secured during this 
season are presented in Table 1. 


TasLe 1.—Damaging temperature data secured during the spring of 
9 


TEST PLOT NO. 1 


ls | | 
Winesap | Jonathan Newtown 
| 
127.5} 5 41 0] 4] 0! 0} 3] 0) 4] 
(25.0) 6 50/387, 4) O| 4) 4] O| 4] 0} 
24.8| 6 30/32) O| 5) O| 4] 4] O 
282.0; 5 2/30 5| 0} O| 4] 4] 
29.9| 6 5| 0| 5| 0| 5| 5] 0| 
29.1) 5 05/41 5| O| O| O| 5| 5} 
31.2| 0 30/35) 6| O| 6| 6/ 0! O| 6] O 
25.0; 6 50/34) 6! 1| 0 0} 6| 6] O 
30.2} 4 45/29) 7} 0| 7| 6] 6] 0} 
26 31.0} 2 15/33) O| O| 7| 0} 7] 7] 
29.2| 1 45/33; 0| 8] O| 7] O| 7] O 
25.8| 2 45/24) 8|96/92| 8/81/59] 8|19! 0] 8/40] 11 
TEST PLOT NO. 2 
Stayman Grimes Golden; Delicious 
EAE 
Date - Blof 
a*| |x| g 28) 
1 °F. | H °F % % | %\% % | % 
27.9| 5 30|....| 4] 0] 4! 0] O| Oo! 
26.0; 6 30/37; O' 4) O| 5} 
25.1] 6 30/32| 5] 0; & O; O| oO 
27.9| 4 20/30! 5] 5! O| 5! Oo} O 
30.4} 1 15)25/ 5) 0) 0, & 6) 
30.4| 6 00/22; O| & O| 6 oO 
22.1} 4 45/41; 6] 0| 6 O} 7; oO} O 
31.3/ 0 15/35} 6] 0| 6 O| 7, O| O 
-..|25.5| 7 OO} 34] 7) 22; 5| 7! 10] O| 7! 88] 56 
25... 31.0} 0 50/20; 7] O| 7; O| 8! o 
32.0] 0 10/33] 8] 0; 8! 8! 
2.2) 1 40/33) 8} 0) 8: O| Oo 
303 26.1) 2 40/24) 8) 3) 8 7) 2/809 12) 4 
: Ss Timea blossoms in Stage 7 were damaged. See Figure 1. 
ight. 
§ See Figure 1. 


Spring of 1924.—Blossoming took place at about the 
usual time. There was, however, an unusual number 
of frosty days from the start of the season until early in 
May. Several severe frosts occurred during one period 
of cold weather which began about March 26 and con- 
tinued until April 2, causing extensive damage to 
cherries, apricots, and peaches; less damage to pears, 
and none to apples. 

Then followed a period of good growing weather with 
only a few moderate frosts, until on April 24 an unusually 
severe radiational freeze began, which continued for two 
nights in the orchard districts generally and for five 
nights in the colder orchards. Apples and pears were 
seriously injured. This damage, when coupled with 
that caused by the earlier frosts, caused a marked short- 
age in the 1924 crop of these fruits in the Yakima Valley. 


JANUARY, 1927 


During this season extensive observations were made 
on seven test plots, all located in the Congdon orchards 
in the Wide Hollow draw. 

Damaging temperature data secured during this season 
are presented in Table 2. 


TaBLE 2.—Damaging temperature data secured during the spring of 
1924 


TEST PLOT NO. 3 


§ Winesap | Jonathan 
ag |s is 
Date | 2f Remarks 
1924 | ° F.| H. m.|° F. % | % 
Apr. 4| 24.6) 4 55/25) 0| Protected with 96 oil-shaving 
5| 27.0; 5 20/24; 5; 0] 6] O| heaters per acre. 
6 | 32.0; 0 30/38; 5; 0] 0; 0 
8 | 32.1; 0 45)33; 5; 0} 6) 0; 0 
11 } 32.2; 30] 37; O} O} O 
14}; 29.8; 0 50/23; 6; 0; 0; 6] 
15 | 27.0; 3 55} 23) 6; 8| 0| 6; 13] 7 See Figure 2. 
16' 30.2; 2 6; 0; 0; 7] 0| O 
17; 20.0; 2 45/26] 0| 7] 0] O 
19, 28.0) 5 7; 7} 0} O 
20 | 22.5; 3 50/27/] 7) 0; O 
21 | 32.0] 1 45|20) 0] 8! 0] 
24 24.9! 7 58/10} 8 80/73! 8 | 62) 61 Do. 
25 | 26.5; 8 00;12! 8; 0; O} 8; 0] 0 
26 | 27.2; 6 11/17; 8| 8; O| 
27 | 28.5; 5 55/13) 8! 0} O| About 4 loose boxes of apples 
May 1/ 29.5| 4 00/23] per tree were harvested. 
4; 20.0; 4 05/22); 9}; 0; 9} 0 
5 | 27.5| 4 9| 9} 0; O 
TEST PLOT NO. 4 
Apr. 4); 24.6; 4 15| 25) 5] 0; 6} 0; O 
5 | 27.0; 5 05| 24; 5) 0} 6] O 
6/ 31.8; 1 38] 5] 0} 6] O 
8 | 32.2; 0 25); 33; 0} 0; 6] O 
14; 29.5] 1 30/23) O} 6] 0 
15 | 26.0} 3 45/23) 6| 30; 5| 6/18! See Figure 5. 
16 31.3] 2 05| 23; 6] O| 7] 0; 
17 | 282.9; 2 25/26; 0; 0} 7} 0; O 
19 | 27.6| 5 7} 0; 
28.0) 3 55/27; 7}; 7} O 
21 31.0; 3 40/209; 7}; 0} 8] O 
24| 21.3) 8 10/10; 69/93); 8 | 81 | 93 Do. 
25 | 23.3) 8 25;12; 8| 8] 0}; O 
26 | 25.0) 6 48/17) 8| 8} 0} 0 
28.5; 6 15/13) 8| 8] O| O| About loose box of apples 
May 1/ 29.5; 2 55/23; 9} 0] 9] Per tree was 
4/288; 4 15; 22} 9} 0} 9] 
5 | 27.5; 4 9) 0 
TEST PLOT NO.5 
| | j | 
Apr. 4 25.4| 3 45/25| 5/ 3) 0 6 Protected with eighty 10- 
§|27.9| 4 55/24; 0| 6; O| O quart lard-pail oil heaters 
11 | 32.3) 0 10/37] 6| 0| 6) O| O|  peracre. 
14; 30.5; 0 40/23; 6] 0; 6} O 
15 | 25.5| 3 50/23; 6/26) 8: 40] 1] See Figure 3. 
16} 31.3] 2 00; 23; 6; 0; 0} 7] O 
17| 20.0] 2 0} 0; 7] OF O 
19 | 28.0} 5 15! 26) 7); 0; 0} 7} 0] 
20; 28.5; 3 50/27; 0) 0} O 
21 | 31.0) 3 0; 8; O 
24 27.0} 5 40/10} 8/19] 8| O Do. 
25 | 262.0; 8 00/12; 8; 0; O 
26 27.1] 6 50/17] 8] 0] 0} 0 
27 28.5; 6 15/13] 8| 0| O| Of Of 14 loose boxes per 
May 1/ 29.9] 3 00/23/ 9; 0; O| tree were harvi 4 
4/203] 3 55; 22; 9} 0; OF O 
5 | 28.0] 3 30); 32; 9! OF O 
TEST PLOT NO. 6 
Apr. 4 | 25.5 3 00/25; 0] 6j 0] Oo 
5 | 27.9] 4 50/24) 6] O 
14 | 31.3] 0 45/23| 6) 0] 0} 6] O 
15 | 26.0} 3 00/23; 6/30} 9| 6| 38! 6] See Figure 5. 
16 | 32.0] 0 20/23) 6} 0} 7] 0| 0 
17 | 29.2] 2 20 | 26 6) 0; 7} 0; 0 
19 | 28.1] 4 40/26; 7; O| 7] O 
20 4 00/27! 7! 0] o| 7] o 
21 | 31.6] 2 00;29; O| 8] 0; 0 
24 | 23.3) 5 45/10) 8 | 67) 85| 8 | 59! 83 Do. 
25 22.0) 8 40/12) 8 
26 | 24.9] 6 15/17) 8] @)/@) 
27 29.0; 5 00/13; 8 0} 0} 8| About loose box of apples per 
tree was harvested. 
May 1, 30.0} 3 00/23; 9} 0} 0; 9} O 
4 280} 3 00/22) 9| 0| 9] 
5 28.5} 4 9; 0} 9! 0; O 
i 
1 Slight. 
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TaBLE 2.—Damaging temperature data secured during the spring of 
1924—Continued 


TEST PLOT NO. 7 
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varieties of apples and two varieties of pears were grown 
within its small area. An attempt was made to deter- 
mine separately the damage in the upper and lower 


: Winesap | Jonathan branches. 
g | Damaging temperature data secured during this season 
rae els are presented in Table 3. 
in EE TABLE 3.— Damaging temperature data secured during the spring of 
1925, from test plot No. 10 
°F.) H.m.|° F. % | % % | % 
Apr. 3/31.9| 1 40/271 5! 6| ©| Protected with 65 coal briquet Winesap Rome Beauty 
8/319) 0 15 83) 5/ 0) Date | tem-| H.F. |D.P) 
u pera- | 
14| 30.2; 0 45/23' 6| 0| 0} 6| 0) ture $a $43, 
15 | 26.8] 3 35/23/ 6/15| 1; 6| 11) 0 85) & & 
1 4 | | 
24/248] 4 50/10} 8/48) 39| 8 | 56| 33 | See Figure 4. ai H, m. % | % | %, % | % | %, 
25 | 26.0} 8 20/12} 8| 0| 0| 8/ 5/10 Do. 29. 7 
26 | 27.0} 6 45/17) 8|18|15| 8| ol abel 
27 | 28.8| 6 30/13| 8| 0| 0| 0| O aio st ats 
May 1/ 29.6} 4 10/23} 9} 0; 9! O} About 11 loose boxes of apples 31.0; 1 13| 281 8 0| 7 0 0 0 | 0 
per tree were harvested. 015) 31; 8; 0| 0| o| o| of] o| 
4/287) 4 a3; 9; 9) @ 2 4| 8! 0, 0| 7] o| 
20/0 9| 0| of o| o| o| 
Apr. 32.0! 0 40/33] 0] 0| 6| 0} 
11 | 32.3/ 1 30/37] 5| 0| 0| 6| 0| o 
14| 30.9; 1 15/23} 6| 0| 0| 6| 0| o Newtown Delicious 
4 10/23| 6|25| 0| 6|17| O| See Figures., 
16 | 31.8) 1 30/23| 6| 0| 0| 7| 0| 
17/29.9| 2 00/26] 6| 0| 0| 7| 0| o Age 2.9; 3 30| of o| 7] of of o 
20| 28.6! 4 00/27) 0] 0] 0| o 2.3| 5 40| O| O| 7] of o 
21 | 32.0! 1 10/29) 7] 0] 8/ 0] 20.5} 3 25| 3| O| o| 8] o 
24 | 21.3 5 30/ 10 8 | 74 | 93 8 | 80 | 90 Do. , ae 31.0 wt Ss 8 0 0 0 0 8 0 0 0 0 
25| 22.0; 8 10/12] 8| 0| 8| 1| 5 31.9] 0 15| 8| o| of} 8] o| of of o 
26/248) 6 55/17); 8] 8/ 1/ 1 20.0} 2 40; 32; 8; O| O| O| 8] 
27/| 28.5; 6 15|13| 8} 0} About loose box of apples 30.2} 1 50; 33] 8 0 0 0 0; 8 0 0 0 0 
per tree was harvested. 277.1| 6 4| 25; 9| 30| 4| 3] 9] 1] 8] 
May 1] 30.0! 4 00/23} 9| 0] 9/ o 29 0 10, 9| O| O| 0| 9] of] Of 
4/290) 4 00/22| 0| 9| o 1 05| 9! of 9] o| of 
28.7) 2 00|.32| 9] 0] 0] o 1 25) 2/ 9) 9| 
TEST PLOT NO. 9 ReMaARKs.—A Bartlett pear tree in the test plot endured all frosts without damage. 
Blossoms in full bloom on Apr. 14; petals falling on Apr. 23; small green one- 
diameter were set on Apr. 27. Full crops were harvested 
Delicious 
Golden 
Apr. 7 4] 6] 0] 5 7] | Damage probabiy occurred on Spring of 1926.—The season was about two weeks 
April 4, ‘under condit:ons earlier than usual in the Yakima Valley. A number of 
No. 6. ° moderate frosts during the latter part of March caused 
20 | | 20 | Seo Figures. only nominal damage to the valley fruit crop as a whole. 
16) 31.2) 2 00/23/ 6) 0) On April 4, 1926, a severe radiational frost heavily 
19| 29.2} 5 15/26] 6] 0| 6 damaged cherries, and apricots, but, strangely 
ol ole enough, did very little damage to apples and pears. 
24/ 22.7) 4 00/10) 7] 11/27) 7/ 66 | 71 Bee Figure 6. No apples were Later in the season there was a heavy natural drop of 
i" gmenep Winesap, especially severe in the upper valley, probably 


rg. | of 1925.—The season was about two weeks 
earlier than usual in the Yakima Valley. Nevertheless, 
very little frost occurred and no low minimum tem- 
peratures. In all parts of the valley frost damage was 
at a minimum, artificial thinning of all fruits except 
ao pears was necessary, and full crops were pro- 

uced. 

Observations were taken on one test plot in the Wide 
Hollow section. This plot was selected because five 


due to the number of cold days during the blossoming 
period for Winesap in the upper valley, which might have 
prevented pollination. A number of frosty mornings 
early in May caused some damage to practically all 
varieties of apples, mostly by frost-marking the skin. 
There was very little rain during the entire spring 
season. 

Observations were taken on the same test plot used in 
the spring of 1925. Damaging temperature data secured 
in 1926 are listed in Table 4. 
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TaBLe 4.—Damaging temperature data secured during the spring of 1926 from test plot No. 11 
mn Winesap Jonathan Rome Beauty Newtown Delicious 
1 @ | Upper Lower | Upper Lower Upper Lower Upper Lower Upper Lower 
| & branches | branches | branches | branches branches | branches branches | branches branches | branches 
| ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° 
| 1° | %|%|%) % | %|%| % | % | % %| % % % 
| 26.9) 7 20; 19 4; 12 4| 14 4 eyoa 0 *! 9 4 0 0 6 0 4 0 0 9 0 4 2 0; 16 0 
27.9} 2 50; 25 4 0 0 0 0 4; 0 0 0 0 4 0 0 0| 0 4 0 0 0 0 4 0 0 0 0 
| 27.5) 3 10; 31 4; 0 0 0 0 5; 0 0 0 90 4 0 0 0! Oo 4 0 0 0 0 4 0 0 0 0 
31.7; 1 15; 2B 5; 0 0 0 0 5.0 0 0 0 5 0 0 0; Oo 5 0 0 0 0 5 0 0 0 0 
3 45! 23} 5} Of Of 5; Of Of 5] OF OF} 5} Of Of Of O| O 
22.9; 9 50, 37 ae. 0] 12 1 6! 13 0; 22; 7 6 2 0 1; 0:56 3 0 1 0 6; 59, 26) 56 38 
| 32.3 | 0 15 32 8 0 0 0 0 8 0 0 0; 0 8 0 0 0, oO 8 0 0 0 0 8 0 0 0 0 
| 28.9; 2 00; 39 9; 20 0; 19 0 9 0 0 0 0 9 0 0 0; O 8 0 0 0 0 9 0 0 0 0 
| 29.4; 3 00; 30 9; Oo 0 0 0; 9 0 0 0; Oo 9 0 9 0, oO 9 0 0 0 0 9 0 0 0 0 
| 29.2 440; 2B 9 0 0 0 0; 9 0 0 0 0 9 0 0 |, @ 9 0 0 0 0 9 0 0 0 0 
22.8! 3 35| 39; 10 0 0 0 0 10 860 0 0; O07; 10 0 0 0; oO; 10 0 0 0 0; 10 0 0 0 0 
31.0, 1 00) 38} 10) 0| 10 0] 0] Of 20] Of. 0 0 
(310) 2 10, O| 0} 10, O 0| O| 0} 10; Of} 10} O 0 


2 See Figure 8. 
3 Further frost-marking produced, but extent of damage impossible to determine. 


j Winesap.—A heavy natural drop occurred in near-by orchards during the first 2 weeks in May; other varieties not 


CRITICAL TEMPERATURES 


Consideration of the mass of data on damaging tem- 

peratures set forth in this paper brings out four important 
oints: 

. 1. It is not possible to name a definite minimum tem- 

perature or any specific duration at any given tempera- 

ture that will produce corresponding amounts of damage 

to all varieties of apples under all conditions within the 

range of temperatures that cause damage. 

2. The amount of damage caused by any given tem- 
perature depends on the amount of water vapor in the 
air at the time of the frost. There apparently is a corre- 
lation between the temperature of the dew point at 4:40 
p. m. on the afternoon preceding the frost and the 
amount of damage caused by the frost. 

3. Greater damage will be caused by a given tempera- 
ture when the evening dew point is lower than 32° than 
when it is higher. The lower the dew point the greater 
is the amount of damage. 

4. Different varieties of apples in the same stage of 
development are affected to differing degrees by the 
same frost. 

It should be borne in mind, however, that these con- 
clusions, based on a study of records obtained over a 
period of but 4 years, are tentative only. In the opinion 
of the writers at least 10 years’ observations will be neces- 
sary fully to test them. Enough evidence seems to be 
at hand, however, for formulating at least a roughly 
approximate scale of damaging temperatures for the dif- 
ferent varieties of apples. This evidence will now be 
summarized. 


ie a | Number | Number | affected. No thinning was necessary and a light crop was in prospect. 
Reference) Number) Number “fruit | fruits | Jonathan.—Frost-marking that occurred during May 6-8 was light. Thinning was necessary and a full crop of good 
letter |_‘ruits | fruits seeds | frost | quality fruit was harvested. ; 
eon good killed | marked Rome Beauty.—Frost-marking that occurred during May 6-8 was light. On May 20 many of the frost-marked fruits 
| | apparently had recovered from the effects of previous damage. Thinning was necessary and a full crop was in 
| prospect. 

4 44 17 19 8 Newtown.—Heavy thinning was necessary and a full crop was in prospect. 

B 61 7 ox 16 | Delicious.—F rost-marking that occurred during May 6-8 was very pronounced. Some thinning was necessary and a fair 

re 101 34 16 51 crop was harvested, which was practically all ‘‘C’’ grade, due to frost-marking. 

D 69 51 0 18 

E 83 14 | 0 69 

F 77 9 0 68 

G 10 0 | i 9 

H 34 5 | 0 29 


Stage 1 (dormant stage)—Observational data lacking. 
Frost damage occurs when minimum temperatures con- 
siderably below 0° are experienced. Such damage is 
spoken of as ‘‘winter killing.” 

Stage 2.—Observational data lacking. Damage to 
fruit buds rarely occurs, for there is maa robability of 
the damaging temperature being reached after the season 
has advanced far enough to induce growth in dormant 
buds. Minimum temperatures that would cause damage 
in stage 2 probably range from 0° to 10°, depending on 
the advancement within the stage itself. 

Stage 3.—Direct observational data lacking. Damage 
in stage 3 is rare. It is caused by minimum tempera- 
tures that range as low as or lower than 20°. The proba- 
ble range of damaging temperature for buds in stage 3 is 
from 10° to 20°, depending on the advancement within 
the stage itself. 

Stage 4.—We have no great quantity of data on damage 
in this stage. A minimum temperature of 28° with 
long duration is safe for all varieties of apples, regardless 
of the dew point. When the dew point is 32° or higher, 
a minimum temperature as low as 24.8° with a duration 
at and below 32° of 6" 30™ and at 25° of 2" 10™ is safely 
endured by all varieties. When the dew point is 19°, 
a minimum temperature of 26.9° with a duration at and 
below 32° of 7" 20™ and at 27° of 0" 25™ produces limited 
damage; that is, no commercial damage, to all varieties 
except Newtown, which will show no damage. The 
relative susceptibility of the varieties in terms of the 
amount of blossom damage in this latter case is: 
Delicious, 16%; Winesap, 13%; Jonathan, 1%; Rome 
Beauty, 1%; and Newtown, 0%. 
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5.—A minimum temperature of 28° for long 
duration is safe for all varieties, regardless of the dew 
point. When the dew point is 32° or higher, a minimum 
temperature of 25.1° with a duration below 32° of 6" 
30™ and at 25° of 0" 15™ is safe for all varieties. With 
the same dew point, a minimum temperature of 22.9° 
with duration below 32° of 9" 50™ and at 23° for 1" 10™ 
produces 1% blossom damage to Newtown, and presum- 
ably slightly greater damage to other varieties. This 
latter condition probably marks the point where damage 
begins with all varieties. 

en the dew point is 25°, a minimum temperature 
of 25.4° with a duration below 32° of 3" 45™ and at 25° 
of 0° 10™ probably marks the point where damage begins 
for all varieties. 

Stage 6—A minimum temperature of 29° for long 
duration is safe for all varieties, regardless of the dew 
point. A minimum temperature of 28° for two or 
three hours is probably safe for all varieties, regardless 
of the dew point. 

When the dew point is 32° or higher, a minimum 
temperature of 25.0° with a duration below 32° of 6" 50™ 
and at 25° for 0° 30™ produces slight damage to Winesap, 
Jonathan, and presumably to Delicious, Stayman, and 
Grimes Golden as well, but is safe for Rome Beauty and 
Newtown. A minimum temperature of 22.9° with a 
duration below 32° of 9" 50™ and at 23° for 1" 10™ 
eM damage to all varieties. The relative suscepti- 

ility in this latter case expressed in terms of blossom 
damage is: Delicious, 56%; Jonathan, 22%; Winesap, 
13%; Rome Beauty, 1%; and Newtown, 1%. 

When the dew point is 23°, a minimum temperature 
of 27.0° with duration below 32° of 3" 55™ and at 27° 
for 0" 10™ produces limited damage to all varieties. 
As the temperature falls damage increases, until with 
3 minimum temperature of 24.3° with a duration below 

° of 3" 30™ and at 24° of 0” 15™ the blossom damage 
to Delicious is 883% and to Grimes Golden 27%. 

When the dew point is 25°, a minimum temperature 
of 24.6° with a duration below 32° of 4" 55™ and at 25° 
of 0" 15™ produces 11% blossom damage to Jonathan. 
This probably marks a condition where damage begins 
with all varieties of apples. With the same dew point, a 
minimum temperature of 25.6° with a duration below 
32° of 4" 55™ and at 26° of 0" 20™ produces 4% blossom 
damage to Jonathan. 

Stage 7.—A minimum temperature of 28° with a 
duration of one hour is safe for all varieties of apples, 
regardless of the dew point. The safe duration at 28° 
is probably longer than one hour, but direct evidence is 
lacking on this point. 

When the dew point is 32° or higher, a minimum 
temperature of 25.0° with a duration below 32° of about 
7" 00™ and at 25° of about 0" 30™ produces limited dam- 
age to some varieties and somewhat extensive damage to 
others. The relative resistance of the different varieties 
at these temperatures as expressed in the terms of the 
amount of blossom damage caused is: Delicious, 88%; 
Stayman, and presumably its near relative, Winesap, 
22%; Grimes Golden, 10%; and Jonathan, about 2%. 

ome Beauty and Newtown are presumably not injured 
to an extent greater than Jonathan, but direct evidence is 
lacking on this point. 

When the dew point is 10°, a minimum temperature 
of 23.0° with a duration below 32° of 4" 00™ and at 23° 
of 0" 30™ produces 100% damage to Delicious and 
Grimes Golden, and probably serious damage to other 
varieties. 

36369—27——2 
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Stage 8.—A minimum temperature of 29° with a dura- 
tion of over five hours is safe for all varieties, regardless 
of the dew point. When the dew point is 32° or higher, 
a minimum temperature of 28° with a duration of two or 
three hours is probably safe for all varieties. Limited 
damage would probably be caused by a minimum tem- 
perature of 27° enduring for one hour, although direct 
evidence is lacking on this point. 

When the dew point is very low, ranging from 10° to 
13°, a minimum temperature of 27.0° with a duration 
below 32° of 6" 00™ and at 27° of only 0" 05™ causes about 
58% blossom damage to Winesap, and probably heavy 
damage to other varieties. Within the same range of 
dew point, a minimum temperature of 24.9° with a 
duration below 32° of 8" 00™ and at 25° for 1" 00™ 
causes 80% damage to Winesap and Jonathan, while 
with a shorter duration at 25° (0° 05™) slightly less dam- 
age is produced. Within the same range of dew point, 
a minimum temperature of 23.3° with a duration below 
32° of 5" 00™ and at 23° for 0° 05™ produces 100% 
damage to Winesap and Jonathan, and probably to 
Stayman, Grimes Golden, and Delicious as well, and 
serious if not total damage to Rome Beauty and Newtown 

When the dew point is 17°, a minimum temperature of 
27.0° with a duration below 32° of 6" 45™ and at 27° of 
0" 20™ produces about 33% damage to Winesap and 
limited damage to Jonathan. This condition is probabl 
very near the point at which damage begins with all 
varieties. 

When the dew point is 24°, a minimum temperature 
of 25.8° with a duration below 32° of 3" 00™ and at 26° 
for 1" 00™ produces 100% damage to Winesap, probably 
also to Delicious and Stayman; serious, but not total 
damage to Jonathan; 40% damage to Newtown; and 
19% damage to Rome Beauty, and probably also to 
Grimes Golden 

Stage 9.—A minimum temperature of 29° with a dura- 
tion of over 1 hour is safe for all varieties, regardless of the 
dew point. When the dew point is 32° or higher, a mini- 
mum temperature of 28° with a duration of 30 minutes 
is safe for all varieties. A minimum temperature of 27° 
with a duration of 30 minutes and with a dew point of 32° 
or higher is probably the point at which damage begins 
with all varieties. 

When the dew point is 24°, a minimum temperature of 
26.1° with a duration below 32° of 2" 40™ and at 26° of 
0" 10™ produces nearly 100% damage to Delicious, 
probably also to Winesap and Stayman; and presum- 
_ serious, if not total, damage to all other varieties. 

hen the dew point is 25°, a minimum temperature of 
27.1° with a duration below 32° of 6" 40™ and at 27° of 
0" 25™ produces 43% damage to Newtown; 10% damage 
to Winesap; and 8% damage to Delicious. This prob- 
ably marks the point where damage begins with all 
varieties. 

Stage 10.—We have no great amount of information 
on damage in stage 10. A minimum temperature of 30° 
with a duration of 30 minutes appears to be safe for all 
varieties, regardless of the dew point. With the dew 
point ranging from 30° upward, a minimum temperature 
of 29° with a duration of 30 minutes probably defines a 
condition under which damage begins with most varieties 
of apples in stage 10. 

en the dew point is 32° or higher, a minimum tem- 
perature of 29.2° with a duration below 32° of 3" 50™ and 
at 29° for 1" 10™ caused some frostmarking to all varieties 
oon Newtown. The relative susceptibility to damage 
of the different varieties under this condition can 
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expressed in this order: 1, Delicious; 2, Rome Beauty; 3 
Jonathan; 4, Winesap; 5, Newtown. 

When the dew point ranges between 30° and 31°, a 
minimum temperature of 27.8° with a duration below 
32° of 5" 30™ and at 28° of 1" 10™ produces damage to 
all varieties except Newtown. This damage is of two 
kinds—(1) where the seeds are killed, and (2) where the 
skin is frostmarked but the seeds are not killed. Either 
type of damage, however, is commercial damage. The 
relative susceptibility to damage of the different varieties 
under this condition as expressed on a scale of the num- 
ber of fruits damaged is: Delicious, 89%; Rome Beauty, 
85%; Winesap, 70%; Jonathan, 50%; and Newtown, 0%. 


CONCLUSIONS 


While the observations on which this study is based 
cover a period of four spring seasons only, the mass of 
evidence is sufficiently great to enable these generaliza- 
tions to be made: 

1. The temperature cf the dew point at the time of the 
frost, which can be correlated with the temperature of 
the dew point at 4.40 p. m. on the afternoon preceding 
the frost, is too important a factor to be neglected; any 
accurate scale of critical temperatures for apples must 
take it into consideration. The data are mere chaos if 
the dew-point factor be neglected; when it is considered, 
the evidence fits nicely into an ordered system. Herein, 
we believe, lies the reason for the dissatisfaction of the 
growers with the old scales of critical temperatures, for 
these scales took no account of the amount of water vapor 
in the air. 

Evidence in this paper shows unmistakably that the 
dew point at the time of the frost has a very important 
bearing on the amount of damage that will be caused 
by low temperature. When the dew point is 32° when the 
air temperature reaches 32°, and the dew point falls as the 
temperature falls, severely low minimum temperatures can 
be endured with but slight damage, whereas the same tem- 
perature conditions with a low dew point will cause very 
severe damage. Comparison of the frost on April 4, 1926, 
in test plot No. 11 with the frost on April 15, 1924, in 
test plot No. 7, brings out this point in a forceful manner. 
On April 4, 1926, occurred a minimum temperature of 
22.9°. The temperature remained 9" 50™ below 32° 
with a duration of 1" 10™ at 23° with an evening dew 
point of 37°. On April 15, 1924, occurred a minimum 
temperature of 26.8°. The temperature remained 3° 55™ 
below 32° with a duration of only 0° 20™ at 27° with an 
evening dew point of 23°. In each case there was ob- 


JANUARY, 1927 


served relatively the same amounts of damage to Wine- 
in stage 6. 

tis highly probable that one of the reasons such great 
damage occurs with low dew-point temperature is to be 
found in the simple relation that exists between the tem- 
perature of the dew point and the rate at which the air 
temperature rises following a frost. As a general rule, the 
lower the dew-point temperature, the faster is the rate 
of rise in air temperature after sunrise. 

2. Many conditions define the point at which damage 
begins with apples in the different stages of development. 
These conditions are made up of several different factors, 
chief among which are (1) the temperature of the dew 
point, and (2) the duration of temperature at different 
temperature levels below 32°. Other factors, too, bear 
on the amount of damage that will be caused by any 
damaging temperature conditions, chief among which 
are (1) the rate of rise in temperature after sunrise, 
and (2) the vitality of the individual tree. The scale of 
critical temperatures, therefore, necessarily must be com- 
plex, and judgment will be required for its practical 
application. 

3. Different varieties of apples show different degrees 
of resistance to frost. Furthermore, each. variety seems 
to have a particular stage or stages of development 
wherein it is particularly sone get injury. Thus, 
for instance, Delicious and Winesap show relatively the 
same measure of resistance to a given condition in the 
earlier stages of development, but in later stages Delicious 
proves to be more tender than Winesap. 
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F. M. EXNER ON DYNAMICAL METEOROLOGY 


By W. Woo.arp 


The state of the atmosphere in respect to what is 
commonly thought of as weather is completely specified 
by the six meteorological elements (temperature, pres- 
sure, humidity, wind, cloud, and precipitation), which in 
turn are fully determined by seven physical quantities, 
viz, temperature, pressure, density, the three compon- 
ents of wind velocity, and the joint mass of solid, liquid, 
and gaseous water per unit mass of atmosphere. All 
these seven are dynamical or thermodynamical variables; 
and hence meteorology, regarded (in accordance with 
modern tendency) as restricted to the investigation of 
weather phenomena purely, may be defined as the 
dynamics and thermodynamics of the earth’s atmos- 


phere. And it is with the investigation of weather 
considered as a dynamical and thermodynamical process 
that the volume here to be reviewed is concerned. 
Weather phenomena are in general so complex and 
irregular that even a purely empirical understanding of 
them was very slow to develop; and, although we can 
not doubt that they are only manifestations of ordinary 
physical laws, the intricate manner in which a great 
multitude of influences simultaneously operate to bring 
about the final result makes it a task of extreme difficulty 
to ages | the facts of daily weather into direct relation 
with physical principles. Consequently we still are 
forced to rely extensively upon empirical and statistical 
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methods; but such methods are of limited power, and 
it is imperative that every possible effort be made to 
advance further the exact mathematical and physical 
theory of atmospheric processes, and to adapt this 
knowledge to practical needs. In spite of the diffi- 
culties, steady and encouraging progress in this direction 
is constantly being effected. 

The advancement and the utilization of any subject 
are much facilitated if there be readily available to 
students and investigators a comprehensive treatise 
that summarizes existing knowledge and directs the 
reader to the literature. In the case of er: 
this need is largely met by Felix M. Exner’s Dynamisc 
Meteorologie, which first appeared in 1917, and of which 
a second and enlarged edition has recently been published 
(Julius Springer, Wien, 1925). The author is well 
fitted for his task, and his own original contributions 
fill many of the pages. The book forms a most excellent 
summary of our present knowledge of theoretical 
meteorology, and is indispensable to every student of 
this important aspect of the science of the weather. 

The earth’s atmosphere is a particular example of the 
gaseous envelopes that surround most celestial bodies, 
the general dynamical theory of which has been worked 
out > Laplace, Stoney, Milne, and others. The produc- 
tion and the maintenance of the physical activity in this 
atmosphere that constitutes weather requires energy, of 
which the ultimate source (except for an infinitesimal 
fraction) is incident solar radiation; the study of the 
amount, distribution, disposal, and effects of the latter is 
fundamental to meteorology, but forms an extensive and 
separate subject in itself. Under the stimulus of solar 
energy, atmospheric phenomena take place in accordance 
with the general laws of dynamics and of thermodynamics 
that rule all physical systems, but these phenomena are 
conditioned by the special circumstances peculiar to the 
terrestrial atmosphere—the composition and general 
chemical and physical properties of atmospheric air, the 
nature of the energy supply, the particular forces operat- 
ing, etc. The atmosphere acts like a great thermo- 
dynamic engine, transforming solar energy into the en- 
ergy of atmospheric processes; and the general problem 
of meteorology is to give a complete and continuous 
account of the resulting phenomena and their mechanism. 

After a brief introduction, and an account of the gravity 
field of the earth, Exner Be the subject by Beer ge. 
the fundamental general physical laws to which a 
weather phenomena, whatever they may turn out to be, 
must conform. The first chapter takes up the thermo- 
dynamical relations that hold in the atmosphere—the 
gas laws for dry and for moist air, the equations applyin 
to the dry, rain, hail, and snow stages, etc. The graphic 
methods recently introduced by Shaw are not mentioned. 
Although the specific heat of water vapor is quite uncer- 
tain, the value given on page 14 does not seem to be 
admissible. In the second chapter, the general dynamical 
equations are derived; this is a topic that must be devel- 
oped with great care if confusion and obscurity are to 
be prevented in the mind of the student, and the reviewer 
does not consider that Exner’s presentation is particularly 
good. Incidentally, the use of left-handed axes on page 
20 and elsewhere in the book is regrettable. The last 
equation on page 20 should be divided through by cos ¢ 
to make the statement at the top of page 21 strictly true; 
and the assertion in the last paragraph of Article 13 is, 
to say the least, misleading. 

In the next six chapters, the general principles and 
laws of particular atmospheric processes are developed. 
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The treatment of static equilibrium occupies the third and 
fourth chapters, and includes a discussion of the necessary 
and sufficient conditions for equilibrium, the stability 
of the atmosphere, the hypsometric equation, the effects 
of convection on the temperature of and within rising air, 
the three types of ideal uilibrium (conductive, con- 
vective, and radiative), and the causes of the observed 
distribution of temperature in the vertical. The difficul- 
ties recently brought to light in the theory of thermal 
convection (cf., e. g., Met. Mag., 60, 253, 1925) are not 
discussed. The fifth and sixth chapters take up the 
eneral theory of winds, including kinematics (stream 
nes, the equation of continuity, etc., with applications 
to such phenomena as the foehn and orographic precipi- 
tation), the dynamical theory of horizontal motion with 
and without friction, atmospheric turbulence and its 
effects, vertical motions, and the Bjerknes circulation 
theorem. Much important work on turbulence has 
been done since the publication of the book. In view of 
the possibility of investigating certain meteorological 
phenomena by means of model experiments, the section 
on dynamical similarity is of great interest. In connec- 
tion with the discussion on page 125, it should be pointed 
out that air masses have no mean free path, and that 
Taylor has provided a theory of diffusion by continous 
movements—diffusion by turbulence is not exactly 
analogous to diffusion by molecular motions, and while 
the latter may be suggestive in this connection, an inde- 
pendent theory for ie former is necessary. The ex- 
tremely important subject of dynamic equilibrium is 
treated in the eighth chapter, in which are developed the 
conditions necessary to steady motion both in the case 
of continuous gradients and in the case of the presence of 
discontinuities. At a number of different places in the 
book, it is pointed out that the atmosphere as a whole is 
probably not far from a steady state of dynamic equilib- 
rium; and that storms and other phenomena probably 
originate by reason of disturbances of such a steady 
state rather than from disturbances of a state of static 
equilibrium. 

The thermodynamics of equilibrium and motion in the 
earth’s atmosphere occupies the seventh chapter. An 
extensive account is given of the important contributions 
of Margules; while thermal cycles, the formation of 
vortices, the dissipation of energy through turbulence, 
etc., also receive attention. Certain theorems of Sand- 
strém, concerning equilibrium, have since been shown by 
Jeffreys to be incorrect, however. 

The preceding material occupies about half the book; 
and forms the basis upon which an attempt is made in 
the remaining chapters to construct a rational theory of 
observed weather sequences. Fundamental in any such 
attempt, of course, is a theory of atmospheric circulation; 
and the ninth chapter is devoted to a review of the none 
too complete facts of observation concerning the distri- 
bution of winds and other meteorologi quantities 
throughout the atmosphere of the globe, together with 
an attempt at a qualitative explanation. Of great 
interest is the suggestion, on page 217, as to how the 
interlatitudinal circulation must necessarily take place 
by way of cyclones and anticyclones, the dynamical 
foundation for which has since been supplied by Jeffreys. 

ngstrém has pointed out a numerical error in the dis- 
cussion, on page 239, of the relation between atmospheric 
circulation and the distribution of ene income over 


the surface of the globe, as a result of which Exner’s 
value of the austausch is 60 times too large. The purely 
kinematical and dynamical aspects of the secondary 
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circulations are considered in the tenth chapter, and the 
question of the extent to which revolving fluid can be 
made to account for the observed phenomena is examined. 

An interesting, and as yet incompletely solved, problem 
is presented by the mechanism of the conversion of 
ies energy into the kinetic energy of the various 
atmospheric circulations. Undoubtedly, the primary 
cause of the general circulation is the unequal heating 
and cooling at different latitudes, operating through the 
temperature (and hence pressure) differences thereby 
engendered; while cyclones and anticyclones seem to 
be a necessary condition for the resulting interlatitudinal 
exchange of air, for this exchange, modified and com- 
plicated by numerous influences, does not take place in 
any regular and constant manner and is broken up into 
a series of secondary circulations. The energy of at- 
mospheric circulations thus comes originally from the 
unequal heating at different latitudes, 1. e., from major 
convection currents, but the processes, especially in the 
case of the secondary circulations, are not so simple and 
clear as imagined in the older theories. There is rather 

neral agreement, however, that but little solar energy 
is transformed directly into kinetic energy—rather it is 
mostly stored up in some form of potential energy that 
subsequently, when conditions become right, is released 
in the kinetic form. Of the various conceivable im- 
mediate sources of the kinetic energy of storms, — 
found we must look to the inherent gravitational po- 
tential energy of position between adjacent masses of air 
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of different potential temperatures for the main supply, 
although under favorable circumstances latent heat of 
condensation is also an important source. In a state 
of dynamic equilibrium, warm and cold air may lie side 
by side without any disturbance arising—the potential 
energy capable of giving rise to a storm is present, but is 
not released until the conditions essential to the equilib- 
rium are interfered with. This conception plays an 
oo part in some modern theories of the cyclone. 
inally, in the eleventh and twelfth chapters, Exner 
reaches what is really the ultimate objective of theoretical 
meteorology—the problem of the actual sequence of 
day-to-day weather. In these chapters we find a wealth 
of valuable and interesting material which we can not 
here even mention in detail. The extensive accounts of 
the ‘“tropfentheorie” or “barrier theory” of cyclone 
genesis and of the high ‘“‘upper cyclones” of the Austrian 
school should be particularly interesting to American 
meteorologists, who are not in general very familiar 
with these ideas. Some striking instances of the value 
of aerological data to the interpretation of the phenomena 
on surface synoptic charts are given on pages 379-382. 
In the final chapter are given the dynamical theories of 
gravitational waves at the interface between two strata of 
differing density; the diurnal variations of wind, pressure, 
and temperature; and the free vibrations of the at- 
mosphere. Throughout the book, numerous references 
to the original literature are given; and a good index 
completes the volume. 


THE “JANUARY THAW” 


By Roscoz Nunn 


{Weather Bureau Office, Baltimore, Md.] 


The popular belief in a “January thaw’’—the more or 
less regular occurrence of a mild spell in the latter part 
of January—seems to find support in the temperature 
records of Baltimore and other stations in the Eastern 
States, from Georgia to New England. An examination 
of the Weather Bureau records of daily mean tempera- 
tures for the last 50 or 54 years discloses a marked crest 
in the graphs of the average daily mean temperatures 
for the three-day period, January 21-23, at Baltimore, 
Philadelphia, New York, Boston, Pittsburgh, Raleigh, 
and Atlanta. The crest is camer most pronounced 
over the Middle and North Atlantic States. The accom- 
panying graphs for Pittsburgh, Baltimore, Philadelphia, 
and New York show the ea 0 of the crest. 

It is not the purpose of the writer to attempt to show 
that the “January thaw” is an established periodicity. 
Reliable and fairly homogeneous records for a half cen- 
tury show that it has occurred often enough to leave a 
marked impress upon the records for that period. 
Whether the succeeding 50 years shall tend to obliterate 
this crest, maintain it, or increase it, remains to be seen. 
The feature is a striking and interesting one in the 
Baltimore station records, although it may be of little 
value as an indication of future happenings. 

“January thaw” was a saying many years before 
records of satisfactory authenticity had been established. 
It is mentioned by Greely in his ‘American Weather,” 
published in 1888. It is mentioned by W. M. Esten and 
C. J. Mason in a discussion of weather records for Storrs, 
Conn., published in September, 1910. However, but 
little has been published upon the subject, as shown by 
Talman in his compilation of references to literature 
concerning supposed irregularities in the annual march 


of temperature, in the WeatHer Review for 
August, 1919. Talman shows that the “January thaw’’ 
is popularly looked for in America, especially in New 
England. Apparently, the thaw has not been recognized 


in Europe. 
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The most comprehensive discussion of the general 
uestion of annual recurrences is found in a paper by 
rof. C. F. Marvin, in the Montuty WEATHER REVIEW 
for August, 1919. Subsequently to this, in March, 1925, 
Professor Marvin wrote further on the subject, in 4 
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letter, published in part as a footnote on page 126 in 
Ward’s ‘Climates of the United States.” 

Considering particularly the Baltimore records, it is 
found that the average mean temperature for January, 
based upon the daily means for 53 years (1873-1925) 
is 34.3°. The average for the first decade is 34°; 
second decade, 34.5°; last decade, 34.5°. Taken by 
decades, the month would appear to average practically 
uniform in normal daily mean temperature, and, as a 
matter of fact, there are no very strong variations from 
ayy, to day except for the period 21st-23d, inclusive. 

he abrupt rise of 4° in this 53-year average, starting 
on the 20th and culminating on the 21st, and the per- 
sistence of mildness through the 22d, and, in a less 
marked degree, through the 23d, followed by a sharp 
drop of 2.5° on the 24th and almost uniformly normal 
conditions the last five days of January, form one of 
the most notable features of the temperature records of 
Baltimore. No other month shows anything like so 
pronounced a fluctuation from the long-period averages. 

The three-day period, 21st-23d, averges 36.9°, which 
is 2.6° higher than the average for the month, 2.8° 
higher than for the three days preceding the 21st-23d, 
and 3.5° higher than for the succeeding three days. 

If we take the two-day period, 21st-22d, it averages 
37.4°, or 3.1° higher than the monthly normal, 3.3° 
higher than the preceding three days, and 4.0° higher 
than the succeeding three days. 

This high average for the period, January 21-23, is 
not due to a few very warm days on these dates. These 
days were frequently mild, as shown by the following: 
The two days, 21st and 22d, taken together averaged 
above normal 35 times out of 55, or 64 per cent; the 
21st alone averaged above normal 74 per cent, and the 
22d alone, 69 per cent. 

But while the average shows up this strongly for 
frequency of occurrence, there were strong variations in 
the frequency within the 55 years. Frequency was high 
during the first 8 years (1873 to 1880); very low from 
1881 to 1893, with only two occurrences in the 13 years; 


NOTES AND 


DISTRIBUTION OF BULLETINS OF THE MOUNT 
WEATHER OBSERVATORY 


The Weather Bureau still possesses a number of the 
separate parts of Volumes I-VI of the above-named 
ublication. Individuals, institutions and organizations 
acking a complete file will be supplied with missing 
numbers so far as possible on application to Chief of 
Weather Bureau. Application for parts of any volume 
that may be desired will also be received and filled so far 
as the supply will permit.— Editor. 


FURTHER NOTE ON “PROGRESS IN INTERNATIONAL 
METEOROLOGY” 


_ Since the publication of the note under the above title 
in the November 1926 issue of this Review (p. 465), we 
have received the full text of the minutes of the eighth 
session of the International Committee on Intellectual 
Cooperation, held at Geneva in July, 1926. From this 
we reprint the whole of Annex 2, dealing with the— 
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very high from 1894 to 1917, with 19 occurrences in the 
24 years; fairly frequent for the last decade, 1918 to 
1927, with 6 occurrences in the 10 years. 

Dividing the record of 55 years into halves, we find that 
at Baltimore the temperature averaged above normal for 
the period January 21-23, during the first half (1873- 
1899), 16 times, or 57 per cent; for the second half (1900- 
1927), 19 times, or 70 per cent. 

No explanation of the cause of the abnormality has 
ever been offered, so far as the writer knows. It may be 
worth remarking that it comes just after the head of 
winter and seems to attend the initiation of — 
days and the first pulsation toward spring. The mind 
holds to the belief that such irregularities are tempora 
and are smoothed out in the course of time; that records 
for some hundreds of years will give an annual tempera- 
ture curve devoid of irregularities. As stated by Pro- 
fessor Marvin, “The human mind knows no reason why 
there should be an irregularity of this character; we are 
compelled to think of the normal temperature as a 
smooth progressive curve.” 

The immediate cause of each occurrence of the spell 
is readily seen from an examination of the weather maps. 
It is almost needless to say that they are caused by low- 
pressure areas moving eastward or northeastward, 
traversing the Lake Region and the St. Lawrence Valley, 
or the Ohio Valley and the North Atlantic States, and 
inducing southerly winds in the eastern States. 

A file of weather maps for the years 1901 to 1927 was 
examined to discover the types of maps that produced 
the mild spells. In the 19 cases investigated it was 
found that Lows (Alberta type) moving eastward over 
the Great Lakes and the St. Lawrence Valley produced 
10 of the spells; Lows coming from the far southwest 
and passing northeastward over the Ohio Valley or the 
Atlantic States caused 4; simultaneous movement of Al- 
berta and southwestern (or Texas) Lows caused 3; and Lows 
that formed, or developed, over the Middle West or the 
Ohio Valley and moved northeastward caused the re- 
maining 2. 


ABSTRACTS 


QUESTION OF THE ESTABLISHMENT OF AN INTERNATIONAL BUREAU 
OF METEOROLOGY 


Report by the Sub-Committee appointed at the Meeting of the Inter- 
national Committee on Intellectual Co-operation on July 29th, 1925, 
submitted to the Committee on July 26th, 1926. 


At the Sixth Session of the International Committee on Intel- 
lectual Co-operation, held at Geneva from July 27th to July 29th, 
1925, the Chairman communicated to the Committee a proposal 
submitted by M. van Everdingen, Director of the Netherlands 
Meteorological Observatory an Chairman of the International 
Meteorological Committee (I.M.C.), with regard to the creation 
of an International Bureau of Meteorology (I.B.M.) (Annex 4 
to document C.445, M.165, 1925). 

After a brief discussion, the Committee requested the under- 
sane to consider, together with M. van Everdingen and several 
a er experts, how the Committee might assist in establishing this 

ureau. 

The present report sets out our conclusions: 

M. van Everdingen’s proposal was defined in a letter which Gen- 
eral Delcambre, Director of the French Meteorological Service and 
Chairman of a special Committee set up by the International 
Meteorological Committee, addressed officially to the International 
Institute for Intellectual Co-operation on November 23rd, 1925. 

The International Meteorological Committee is composed of the 
directors of the meteorological services of thirty countries (includ- 
ing Germany and Austria), who meet once every three years to 
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discuss scientific problems of international importance—a definition 
which covers almost every meteorological problem. The members 
of this Committee are not official representatives of their countries, 
and the Committee possesses no financial resources. 

After a preliminary interview with M. van Everdingen, it was 
decided that the Sub-Committee should co-opt as experts the 
members of the special Committee appointed by the International 
Meteorological Committee. With a view to achieving a satisfactory 
result as soon as possible, a meeting of the Sub-Committee and 
the experts was held directly after the meeting of the experts to 
discuss a draft prepared by General Delcambre. 

These two meetings took place on March 27th and March 29th, 
1926, at Paris. At the first meeting, the technical side of the 
question was discussed and General Delcambre’s draft was approved 
with certain alterations. Finally, the experts drew up a restricted 
programme, on the basis of which a start could be made, and pre- 
pared, in the order of their importance, the following list of the 
various desiderata to be attained: 

(a) Administration of the archives of the national Meteorological 
Committees and a secretariat of the Committee to maintain relations 
with international organs interested in meteorology. 

(b) Bibliography and retrospective international publications 
(maps of the Northern Hemisphere, experimental balloons, 
aeronautical climatology). 

(c) Organisation of the ocean meteorological system; assistance 
in radio-meteorological centralisation and preservation of extracts 
from ships’ logs. 

The experts estimate that the minimum cost of carrying out 
points (a) and (b) of the restricted programme would be 100,000 
to 150,000 gold francs. 

These were the conclusions submitted at the meeting on March 
29th, at which were present: M. Lorentz, Mme. Curie, M. Einstein, 
M. Luchaire; the experts Messrs. Delcambre, van Everdingen, 
Simpson, Carvalho, Brandao, J. Bjerknes, Werhlé; M. Roper, 
representing the International Commission for Air Navigation 
(I. C. A. N.), and M. de Vos van Steenwyck, whom the Committee 
of Experts had co-opted to maintain relations with the Inter- 
national Institute for Intellectual Co-operation. M. Lorentz 
presided over the meeting. 

The Chairman proposed that they should not deal with the 
technical eens, which has been fully discussed at the former 
meeting. he experts, he pointed out, were unanimous in endors- 
ing the utility of the proposed organisation, and it would not 
therefore be necessary to go into details. It would be sufficient 
for them to consider the relations to be established between the 
future Bureau and the League of Nations through the International 
Committee on Intellectual Co-operation. The moral support of 
this Committee might already be regarded as assured. he most 
urgent question was that of obtaining the material resources 
necessary for the creation and working of the International Bureau 
of Meteorology. 

The discussion which followed this statement showed that the 
International Committee on Intellectual Co-operation might take 
action in two ways simultaneously: 

1. The International Committee on Intellectural Co-operation 
might recommend the League of Nations to invite Governments 
to accord subsidies to the International Bureau of Meteorology. 

2. The International Committee on Intellectual Co-operation 
might avail itself of the facilities it possessed in the form of the 
International Institute for Intellectual Co-operation and place at 
the disposal of the International Bureau of Meteorology provi- 
sionally a few rooms in which the Bureau could instal its secre- 
tariat and archives. The cost of installation would thus be dimin- 
ished and the Bureau might begin work almost at once. It would 
be understood that, as soon as the International Bureau of Meteor- 
ology became firmly established and had proved its value, it would 
have to obtain its own oye and could no longer remain a 
charge on the Institute, which must be in a position to offer similar 
hospitality to x other scientific organisation created in similar 
circumstances. The Director of the Institute does not see any 
objection to such an arrangement. 

here will be some difficulty, however, in the way of carrying 
out the first proposal. It would not only be desirable to establish 
the International Bureau of Meteorology, but the matter is, 
indeed, an urgent one. Several meteorological undertakings are 
about to be abandoned owing to lack of means, and this would 
create gaps which it would be impossible to fill later. 

It therefore seems essential that the International Committee 
on Intellectual Co-operation should submit its conclusions to the 
next (September) Assembly of the League. Unfortunately, the 
Committee of Experts is not empowered to make any official 

roposal, as it is merely a Committee of Enquiry instructed by the 
nternational Meteorological Committee to submit a report to 
the Committee at its next meeting on September 20th. 


JANUARY, 1927 


The International Committee on Intellectual Co-operation will 
not be able to take a decision before its January session, and any 
action on the part of the League would be deferred for a whole year. 

With a view to obviating such delay—which, in the opinion of 
the experts, would be highly undesirable—the undersigned have 
the honour to propose the following line of action: 

The International Committee on Intellectual Co-operation 
might forthwith decide in principle to co-operate with the Interna- 
tional Meteorological Committee for the creation of an Interna- 
tional Bureau of Meteorology in accordance with the suggestions 
set out above. It might authorise the present Sub-Committee to 
act on its behalf as soon as the International Meteorological 
Committee has formally approved the scheme drawn up by the 
— so that the recommendations in question may be sub- 

tted to the Council of the League at its December session. 

As a ten the question of premises, a decision might be taken 
by the Committee of Directors of the Institute. 

The representative of the International Commission for Air 

Navigation has promised to see that, at the next (October) meeting 

of the Committee, that organisation takes action on the same lines 

to secure the creation of the International Bureau of Meteorology. 
(Signed) M. Courts. (Signed) H. A. Lorentz. 
(Signed) A. EINSTEIN. . 


APIA WEATHER DURING 1926! 


The following summary for Apia, Samoa, for the year 
1926 contains two items of more than ordinary interest, 
first the occurrence of drought after the great daily rain- 
fall of January 1, 1926: 


The total rainfall for the year 1926 at Mulinu‘u was 103.54 inches 
which is 3.31 inches less than the average rainfall for the years 
1890-1923. The heavy rains, amounting to 7.02 inches, accom- 
panying the cyclone of January 1, 1926, were followed by eight 
weeks of comparative drought, broken finally by rains occurring in 
the first week of March. On March 27 and 28, during the near 
ae of the cyclone, which later caused serious damage at 
Palmerston Island and Rarotonga, there was a rainfall of 4.7 inches. 
April and May were unusually dry, so that at the end of the first 
five months of the year the rainfall was 18 inches less than the 
normal. During the summer and continuing until October the 
rainfall for each month was very close to the average. During 
November and December the rainfall has been unusually abundant 
so that the year closed with almost the normal rainfall. 

The average temperature for 1926 was 79.76° F., the highest 
recorded temperature 90.5° F. occurring on January 11 and the 
lowest 66.2°F. on October 10. The temperature of Samoa has 
steadily increased during the past 35 years, during which time con- 
tinuous records have been taken. The winter months—June, 
July, and August—are now as hot as were the summer months in 
1890. For the whole year, the temperature was 2.22° above the 
average prevailing temperature of 1890. 


An analysis of 1,066 cases of deficient rainfall in the 
United States led mé in 1906, to make the following 
comment: 

The one fact which stands out most prominently is that droughty 
periods are preceded in the majority of cases by a single heavy rain 
or by several days of light to moderate rains. This appears to be 
true for both the semiarid regions of the west and the more humid 
regions of the East and South. 

It seems to be a rule of nature that the causes which 
lead up to a culmination in the march of any meteorological 
element almost invariably operate to make it difficult for 
a similar event soon to repeat itself. This is but another 
way of saying that one extreme is apt to be followed by 
another in the opposite direction. 

In the case of precipitation, as illustrated by the 
drought in Samoa following the heavy cyclonic rains of 
January 1, 1926, it may wal be that az physical reasons 
back of the drought are as follows. 

Water vapor spreads into the higher atmospheric levels 
mainly by vertical and horizontal convection. Local 
vertical convection, as in the thunderstorms of summer, 


1 Samoa Times, Jan. 7, 1927. 
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involves but a relatively small part of the atmosphere but 
when horizontal convection comes into play as in the case 
of strong cyclonic circulations the air in situ over any 
place is being constantly replaced by air drawn from a 
distance and if that air be moist heavy precipitation natu- 
rally results. As the cyclone center moves away the 
source of the air supply is changed and more frequently 
than not, in the United States at least, the new supply 


_comes from a colder and drier region. Vertical convec- 


tion in this air is not probable, the rain ceases and the 
chain of events which led up to ae tay must be 
begun de novo. Thus the natural reaction from heavy 
rain must be a more or less lengthy period of little or no 
rain. 

The second interesting item in the summary is that 
temperature in Samoa and, inferentially, over the ocean 
in that part of the Southern Hemisphere during 1926, was 
higher than usual. And this fact confirms the advices of 
high temperature in the Argentine that have come to 
hand.—A. J. H. 


IMPROVED TABLES FOR DAT SRG TRUE WIND AT 


[Ep1tor’s Note: With reference to the availability of these 
tables, the following quotation from a letter from Rear Admiral 
W. A. Moffett, Uni States Navy, under date of December 14, 
1926, is of interest: 

“The values have been computed by the Bureau of Aeronautics 
and compilation of the tables has just been completed. * * * 
Printed copies wil] be available later.’’] 

The wind observed aboard a moving ship is the result- 
ant of the true wind and the ship’s movement. The 
observed wind uncorrected for the ship’s movement is 
usually called the apparent wind. The true wind may 
be found graphically by laying off one vector representing 
the ship’s course and speed expressed in an soning 
direction, laying off the apparent wind as a resultant, 
and joining the termini of the two quantities to determine 
the second vector which is the true wind. Mechanical 
devices which operate on the principle of graphical 
solution have been used from time to time for this pur- 
pose. It is doubtful, however, if either the graphical or 
the mechanical solution of determining true wind is in 
general as convenient as a set of suitable tables. 

The tables most commonly in use among mariners' for 
pesto Mes wind is a single page table such as that 

iven in Table 32 of the American Practical Navigator 
(Bowditch) and the table on page 5 of W. B. 1201 (Marine, 
1923), which express wind velocity in Beaufort force. 
While this brief table is probably satisfactory for wind 
observations made without the aid of instruments, it does 
not afford sufficient refinement for wind velocities obtained 
by anemometer where wind readings are desired to the 
nearest mile per hour. A further inaccuracy resulting 
from the use of the single page table expressed in Beaufort 
force is caused by the occasional changes which have been 
made in the mile per hour equivalents to the various force 
numbers. These changes have been made from time to 
time as modern tests have improved the accuracy of 
determinations of the equivalents. Each change in 
equivalents necessitates a change in certain of the corre- 
sponding values of true wind. As a result, the tables in 
use by various observers are not in agreement. 

The expansion in late years of the use of anemometers 
aboard ship and the need of aviation squadrons operating 
at sea from a base ship for accurate wind data in knots 
has created a demand for more detailed tables for con- 
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verting apparent wind to true wind. Tables for this 
purpose have just recently been completed. 

hese contain a separate table for each of the 16 points 
off the bow from which the apparent wind may blow. 
Each table provides a column for ship’s speeds from 5 to 
30 knots at 5-knot intervals. The left hand argument in 
each table contains apparent wind velocities in knots 
from calm to 30 knots at 2-knot intervals, from 30 to 46 
knots at 4-knot intervals, and above 46 at 10-knot inter- 
vals up to 100 knots. The tables are arranged to facili- 
tate interpolation to the nearest knot for any apparent 
wind velocity up to 100 knots. Intermediate values of 
ship’s speed may be readily interpolated also. Tables 
appended to the bottom of each page make it easy to 
convert true wind relative to the ship’s bow to true wind 
in compass points—namely, north, north-northeast, and 
so on. The tables are arranged so that they may be 
readily used for win-: velocities expressed in other common 
velocity units, such as meters per second. A device is 
provided which makes it possible to convert directions to 
the nearest 16 points of the compass if direction to 32 
points is not desired. 

The advantages of the new tables over the table now 
commonly used may be summarized briefly as follows: 
(1) True wind may readily be determined to the nearest 
knot (when anemometer is available), thus increasing the 
accuracy of wind data; (2) a greater choice of ship’s 
roses is available and interpolations for intermediate 
ship’s speeds are facilitated by the arrangement of the 
tables; (3) the tables may be used for wind expressed 
in knots, meters per second, Beaufort force, statute miles 
per hour or “miles per hour,’ as indicated by the old 
style four-cup anemometer. This feature furnishes con- 
venient conversion tables for changing from one velocity 
scale to another; and (4) the tables appearing at the bot- 
tom of each page make it easy to change direction relative 
to the ship’s bow to direction in compass points.—F. W. 
Reichelderfer, Lieutenant, U. S. Navy, Aerological Sec- 
tion, Bureau of Aeronautics. 


PILOT BALLOON ASCENTS ON THE WEST COAST OF 
GREENLAND—A CORRECTION 


We have received from Dr. P. L. Mercanton of 
Lausanne, Switzerland, the following note: 


In the Monthly Weather Review, October, 1926, p. 247, ‘‘ Return 
of the University of Michigan Greenland Expedition of 1926,” I 
read the following statement: 

“Study of the upper air by means of the simple pilot balloons 
has never before been made over or close to the vast ice-cap of 
Greenland. * * *” 

I might be allowed to correct this: Seven pilot-balloon ascents 
have been made in August, 1912, at Quervain’shavn, West Green- 
land (lat. N. 69° 46’; long. W. 50° 15’; alt. 10 m.), by the Swiss 
Expedition across Green nd, 1912-13. The station lay some 
quarter of a nautical mile to the south of the Ekip Sermia outlet 
of the Greenland ice cap and about 3.5 miles to the west of its 
main border. One of the balloons disappeared in the Ci-Str layer 
more than 7,000 meters high. 

This is, however, by no means the maximum height reached. 
At Godhavn (Disco Island) the Swiss scientist recorded 16,400 
and 22,400 meters on the 11th and 12th of March, 1913, and— 
last but not least—39,000 meters (about 21 miles) on the 25th 
of February. No conclusive evidence has been brought against 
this last record. 

No doubt Professor Hobbs failed to discover these ascents 
of Quervain’shavn in the lot of nearly a hundred Primes sem by the 
rego Expedition ' and will be glad to have his attention drawn 
to them. 


1 RESULTATS SCIENTIFIOUES DE L’EXPEDITION sUIsse AU GRONLAND, 1912-13, par 
A. DE QUERVAIN, P. L. MERCANTON, etc. Nouveaux Memoires de las Société helvé- 
tique des Sciences naturelles. Vol. LIII, 1920. Suisse. 
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Nore.—I am very glad that my friend Professor 
Mercanton has called attention to the fact that the 
Swiss Expedition to Greenland made seven ascensions 
near the margin of the inland ice on Disco Bay. Quer- 
vain’shavn does not appear on maps of Greenland since 
it was named after the eminent Swiss savant whose 
lamented death has just been announced. It is largely 
for this reason that 1 had not observed the fact of these 
ascensions near the ice cap.— Wm. H. Hobbs. 


A NEW THERMOMETER SCALE 


Another attempt to improve upon the thermometer 
scales in current use has come to our notice. Dr. F. E. 
Aspinwall of Miami, Fla., has devised the ‘‘Homigrade 
scale,” in which the 0° is the same as the 0° Centigrade, 
while 100° corresponds to the normal temperature of 
the human body, 98.6° F. Doctor Aspinwall points 
out that his 0° is a “vital heat zero,” because it marks 
the temperature at which vital action of organisms veases 
or becomes dormant. 


The ratio of the homigrade degree to the Fahrenheit is 
as 1.5 to 1, hence conversion is a simple matter. 


The proposed scale renders the use of fractions in 
recording temperatures still less necessary than with the 
Fahrenheit scale. The 0° and the 100° are at critical 
points which, though familiar, do not both refer to 
changes of state of water. This is a serious fault, and 
undeniably attractive in some respects as Doctor Aspin- 
wall’s proposal is, the fault will doubtless severely restrict 
acceptance of the new scale. 


A complete discussion of the homigrade scale may be 
found in the Medical Journal and Record, for November 
3, 1926.—B. M. V. 


AN UNUSUAL WELL! 


On the mesa of Juniper Flat, Oreg., there is a well hav- 
ing unusual characteristics. In addition to furnishing 
a plentiful supply of very good water, it also serves as the 
barometer of its proud owner, Joe Riggles, and his 
neighbors. 

Twelve to twenty-four hours before a storm arrives a 
gentle draft begins to come out of the well, the intensity 
increasing rapidly to almost a roar. Throughout the 
duration of a storm the well continues to ‘‘ blow,’’ some- 
times so violently as to emit a cloud of water vapor. 
Within 12 to 24 hours after the storm has passed the well 
will cease blowing and begin to inhale and air will con- 
tinue to flow into it until equilibrium is reached or a new 
period of exhalation begins. 

The well is 458 feet deep, drilled through a blanket of 
basalt overlying the older formation. In the drilling 
numerous crevices and cavities were encountered in basalt 
formation. The local theory of the well’s behavior is 
that it taps some long subterranean chamber having an 
outlet somewhere in the mountains miles away. Such 
an explanation is open to considerable doubt. More 
likely the well merely taps a number of local crevices or 
chambers containing air of approximately constant tem- 


polation, ait nd wells has been known for some 
time. See this Rev. 28:293, 43:562, 44:75, 46:26,1141.— A. J. H. 
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perature and pressure. This air flows in or out of the 
well as the surface pressure is greater or lower than the 
subterranean pressure. The relatively long periods over 
which the well is in activity may be accounted for by 
the throttling effect of the small orifice through which 
the air has to pass. Some idea of the pressure at which 
the well begins to exhale may be had from the following 
table. The pressures were interpolated from the isobars 
of the A. M. weather map. 


January 22—30.60, well quiet. 
24—30.30, well quiet 
25—30.25, well quiet. 
26—30.05, well began blowing about noon. 
27—29.75, well blowing violently. 
28—no further data. 


It is probable that some interesting information might 
be gained from an air current meter and barograph if 
installed at the well.—A. G@. Simson, Forest Service. 


TORNADOES STARTED BY AN OIL FIRE. 


{Reprinted from Meteorological Magazine, January, 1927, pp. 292-294.] 


The Scientific American for December, 1926, contains 
a vivid description of the effects of a fire which destroyed 
nearly 6,000,000 barrels of oil at San Luis Obispo, Calif. 
An account of the event was given by Mr. J. E. Hissong, 
of the local weather bureau of this California city. He 
states that the fire was started by lightning and that 
initially four tanks, each containing 750,000 barrels of 
oil, “boiled over.”’ An immense quantity of burning oil 
was spread over an area which was estimated at about 
900 acres, or nearly 4 square kilometers. Flames seem- 
ingly leaped up to a height of 1,000 feet, and at the same 
time violent whirlwinds formed over the fire. During the 
period when the large reservoirs were burning and the 
convection was probably at its strongest, the whirls were 
numerous and violent. Some hundreds of whirls were 
observed simultaneously, many of them presenting 
the features of true tornadoes, with gyrating funnel- 
shaped clouds, the condensation of vapor in the central 
portions showing up clearly against the dark background 
of smoke. Itis reported that some of the central funnels 
were not more than about a foot in diameter. 


One of the whirls traveling downwind to a cottage 
about a thousand yards away, picked up the cottage and 
carried it a distance of 150 feet, where it was dropped, a 
complete wreck, the two occupants being killed. 


Mr. Hissong reports that strong southerly winds pre- 
vailed initially, shifting later to west, and year A to 
northwest. He attributes the formation of the whirls to 
the veering of the wind, which coincided more or less with 
the information of the whirls. It is difficult to see how this 
in itself could account for the whirls, and the present 
writer suggests: that the whirls were such as might have 
occurred, independently of any wind, by the convection 
currents removing large masses of air, which would 
be replaced by the convergence of air from all sides. 
The converging air by retaining its original moment of 
momentum, about the center of the rising column, wo 
after convergence have acquired a large velocity of rota- 
tion about the center, and would give rise to whirls of 
the nature observed. 
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A rough estimate of the energy liberated by the fire 
can be readily made. A given weight of oil will raise the 
temperature of one thousand times its own weight of 
water through 10° C. The fire of 6,000,000 barrels, 
assuming a barrel to be half a cubic meter, is equivalent 
to the burning of 3.10° kilograms and would produce 
3.10" kilogram calories; taking the specific heat of 
air to be 1/4, we find that this would heat 12.10" kilo- 
grams of air through 10° C. This amount of air is 
about 10" centimeters, or 10* cubic kilometers. 

If there were no wind initially, then if we assume that 
10‘ cubic kilometers of air is removed through a funnel 
vertically over the fire, this amount of air must drift in 
sideways to the zone of the fire, and be replaced by air 
pushing in from further distances. Taking the zone of 
fire to be a circle of 1 kilometer radius, this involves the 
convergence to the edge of the zone of fire of air from 50 
kilometers away. The angular momentum of this air re- 
mains constant, in space, and if the velocity in the whirl 
about the fire be v at the edge of the fire (at 1 kilometer 
from the center) we then have 


(50)? w sin @ = 1. (v + wsin ¢). 


Thus v= approximately (50)? w sin ¢. 
= 2,500 x 5.7 10—° kilometers per second. 
= 142 meters per second. 


Thus the whirl formed in still air would have a whirling 
velocity of 142 meters per second at 1 kilometer from its 
center, with velocity decreasing outward in inverse 
proportion to distance from the center. 

In the case in question, the air was not initially still, 
and so the ascending cylinder of air was replaced by a 
sheet of air, and the one whirl was replaced by a number 
of smaller whirls. Enough has been said, however, to 
show that the supply of energy available from the fire 
was ample to account for the formation of violent tor- 
nadoes without assuming any special properties of the 
wind distribution. Moreover, it has been assumed above 
that only air heated through 10° C. will ascend, whereas 
it is certain that in the region of such a fire as this air 
heated through a much smaller range of temperature 
would ascend readily. If we decrease the necessary range 
of temperature we increase the volume of air removed 
by convection in inverse proportion, and increase the 
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intensity of the whirl in proportion to the mass of air 
removed. 
It may be recalled that during the fires which com- 
leted the destruction of Tokyo after the earthquake of 
ptember 2, 1923, Doctor Fujiwhara reported the 
formation of a number of whirls.'—D. Brunt. 


METEOROLOGICAL SUMMARY FOR SOUTHERN SOUTH 
AGE sae” DECEMBER, 1926, AND ANNUAL SUMMARY 


By J. B. Navarette, Director 
{Observatorio del Salto, Santiago, Chile) 


During December, atmospheric changes were largely 
limited to the southern part of the country, while the 
weather was more settled in the Central Zone. 

On the Ist a depression crossed the far south, causing 
rain up to Arauco. Between the 2d and the 5th an anti- 
cyclonic center overlay the southern area, causing general 
fine weather. On the 6th began an important period of 
bad weather, which culminated on the 13th with a heavy 
rainstorm that extended as far north as the Province of 
Talca in the Central Zone. The maximum precipitation 
was recorded on the 12th at Valdivia, 63 millimeters. 

From the 14th to 18th, pressure rose in the south, and 
general fine weather was the rule. 

On the 19th and 20th a moderate depression lay off 
Punta Tumbes, and caused rains between Maule and 
Valdivia. 

The 21st, anticyclonic conditions reestablished them- 
selves in the south and dominated the situation until the 
end of the month, causing in the Central Zone general 
fine weather, southerly winds, and high temperature. 


ANNUAL SUMMARY, 1926 


The meteorological year 1926 was one of the rainiest 
of record in the Central Zone from 1873 to date. The 
period of most intense atmospheric circulation was in- 
cluded between May 20 and July 13. Between these 
dates occurred almost the entire year’s rainfall. June 
was the rainiest month. Total precipitation for the year 
reached [an average in the Central Zone of] 824.1 milli- 
meters.— Transl. B. M. V. 


1 Meteorological Magazine, December, 1923, p. 247. 
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Rapport de la réunion de la Commission internationale de 
météorologie maritime 4 Zurich. 14-17 septembre 1926. 
’S-Gravenhage. 1926. 21 p. plate. 244cm. (K. Ned- 
erlandsch met. inst., no. 113.) 


Dessoliers, Hippolyte. 
Comment homme accroftra progressivement les pluies des 
régions arides... Alger. 1921. 32p. 24} cm. 


Fjeldstad, Jonas Ekman. 
Graphical methods for investigating adiabatic changes of 
moist air. Trans. by Welby R. Stevens. 33 p. 27 cm. 
(Geofys. pub., v. 3, no. 13.) (Manuscript.) 


Gitz, F. W. Paul. 
Das Strahlungsklima von Arosa. Berlin. 1926. vii, 110 p. 
illus. 24 cm. 


Great Britain. Meteorological office. 
Marine observer’s handbook. 4th ed., published Ist Janu- 
ary, 1927. London. 1926. iv,97p. illus. plates. 244 
em. (M. O. 218) (4th ed.) 


Great Britain. Min. agric. & fish., & bd. of agric. for Scotland. 
Agric. met. scheme. 
Bibliography of literature on agricultural meteorology. Bul- 
1. London. 1926. 19 p. 33} em. [Mani- 
0. 


Horn-d’ Arturo, G. 

La corrente orientale perpetua nell’altissima atmosfera 
equatoriale. [Roma. 1926.] p. 243-270. figs. 24} cm. 
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in connection with the work of the Weather Bureau. 


Aerologist. a v. 2. December, 1926. 
Lowell, W. E. Air conditioning for the printer. p. 11; 


22; 24. 
Annalen der Hydrographie und maritimen Meteorologie. Berlin. 
54. Jahrgang. 1926. 

Bartels, J. Barometrische Messung der Hochseegezeiten. 
p. 222-227. (Juni.); p. 270-273. (Juli.) 

Schubert, O. v. Wirkungem des Reibungsunterschiedes iiber 
See und Land auf die Luftstrémung im Bereich der Deuts- 
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Annales de ¢ egy Paris. 36 année. 15 janvier 1927. 

Musset, R. Le domaine du palmier-dattier et ses exigences 
climatiques. p. 24-32. 

Archives des sciences physiques et naturelles. Geneve. v. 8. No- 
vembre-décembre 1926. 

Billwiller, R. Le ‘‘Dimmerféhn” du canton de Glaris. p. 
244-245. 

Golaz, Charles. A propos de quelques cas de prévision réelle 
du temps. p. 354-355. [Abstract.] 

Jost, W. Chute de poussiéres sur les Alpes. p. 355. 

Staiger, A. Electricité voleanique. p. 353-354. [Abstract.] 
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p. 4 
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Carnegie institution of Washington. Wash. Year book no. 25. 
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— A. E. Climatic cycles and tree growth. p. 350- 


Mauchly, S. J. Control of ionium collectors used in potential- 
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ment of terrestrial magnetism. p. 227. 
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registration of the potential gradient of the air. p. 228. 
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Thomson, A. Preliminary comparison of atmospheric-elec- 
tric potential at sea with that under closely similar insular 
conditions. p. 232-233. 
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Carnegie institution of Washington. Wash. Year book no. 25. 
1925—1926—Continued. 

Wait, G. R. Regarding Helwan’s potential-gradient results 
of 1906-1908. p. 234. 

Wait, G. R. Results of simultaneous observations upon cer- 
tain atmospheric-electric elements and meteorological ele- 
eaten at the Watheroo magnetic observatory in 1924. 
p. 5. 
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Collard, Aug. Le centenaire de la création de |’Observatoire 
royal de Bruxelles (1826-28 juin-1926). p. 209-223. 
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Rousculp, John A. Rainfall-runoff analysis in storm-sewer 
design. p. 270-271. 
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mosphére. p. 1019-1020. 

Geografiska annaler. Stockholm. Arg. 8. H.4. 1926. 

de Geer, Gerard. On the solar curve as dating the ice age, 
the New York moraine, and Niagara Falls through the 
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Fujiwhara, S., & Nisimura, D. Note on the are of Lowitz. 
p. 28-30. (July.) 

Kawano, M. On Benndorf’s_ self-recording electrometer. 
p. 1-8. (July.) 

Utumi. T. Statistical proof of Okada’s law on the behaviour 
of cyclones and anticyclones. Ps 45-56. (Sept.) 

Great Britain. Meteorological office. Geophysical memoirs. Lon- 
don. no. 31. 1926. 

Brooks, C. E. P., & Quennell, Winifred A. Classification of 
monthly charts of pressure anomaly over the northern 
hemisphere. 

Hemel en dampkring. Den Haag. 23 jaargang. Januari 1927. 

Everdingen, E. van, & Pinkhof, M. Meteorologische fac- 
toren bij watersnood. p. 23-29. 

Idéjérés. Budapest. v. 30. 1926. 

Kovacs, Josef Sz. Witterungsperioden im Winter. p. 156- 
157. (September-oktober.) 

Sévoly, F. Hauptsichlichste Beziehungen der ungarischen 
Landwirtschaft zum Klima und der Witterung. p. 189- 
191. (November-december.) 

Schunk, J. Fette und magere Jahre in der Vogelwelt. p. 
188. (November—december. 

Journal de physique et le radium. Paris. t.7. Décembre 1926. 

Dutheil, Jean, & Dutheil, Madeleine. L’absorption de la 
lumiére par l’ozone entre 3,050 et 3,400 A. p. 414-416. 

Journal of geology. Chicago. v. 35. January-February, 1927. 

Reed, & D. Wind and soil in the Gabilin Mesa. p. 84-88. 

Marine observer. London. v. 4. February, 1927. 
Durst, C. S. The use of humidity observations at sea. p. 
33-34. 
Mentor. New York. v. 15. February, 1927. 
Frazer, Calvin. Ground-hog day. p. 50. 
Meteorological magazine. London. v.61. January, 1927. 

Brunt, D. ornadoes started by an oil fire. p. 292—294. 

Busk, H. G. Land waterspouts. p. 289-291. 

Jeffreys, Harold. Climatic variation. p. 277-281. [Re- 
view of C. E. P. Brooks, “Climate through the ages.’’] 

Spence, M. T. “Old fashioned” winters. p. 281-285. 

society of Japan. Journal. Tokyo. v. 4. Novem- 
er, 1926. 

Sekime Yukio. On a design of calculator used for the 
re of pilot balloon{s]. p. 284-289. [In Jap- 

anese. 

Watanabe, Masayuki. On the seasonal variation of the dis- 
tribution of precipitation in Japan. p. 269-284. |In 
Japanese 

Meteorologische 
1926. 

Albrecht, Fritz. Das Heizbandbolometer, ein Messgeriit zur 
Registrierung der direkten Sonnenstrahlung. p. 495-500. 

Albrecht, F. Versuche zur Messung der Effektivstrahlung. 
p. 493-494. [Abstract.] 

Angenheister, G. Das Problem der Schallausbreitung. p. 
467-471. [Abstract.] 

Aufsess, Otto Frhr. v. u. z. Zusammenhinge zwischen 
Sonnentatigkeit und Luftdruckverteilung. p. 487-488. 
[Abstract.] 
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ische Zeitschrift. 

ontinued. 

Baur, F. Das Periodogramm des mittleren jahrlichen Luft- 
drucks in Budapest. p. 504-505. 

Defant, A. Primire und sekundire Druckwellen in der 
Atmosphire. p. 475-477. [Abstract.] 


Braunschweig. Band 43. Dezember, 


Ewald, W. ber einen neuen Barographen. p. 501-502. 

Feige, R. Periodisch auftretende Féhne. p. 473-474. 
{[Abstract.] 

Geiger, Rudolf. Bodennahe Luftschicht und Mikroklima. 
p. 480-481. [Abstract.] 


Heidke, P. Zur Berechnung des Erfolges und der Giite von 
Wettervorhersagen. p. 489-493. [Abstract.] 

Kassner, C. Ein Sturmwarner fiir Fischer. p. 508-509. 
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SOLAR OBSERVATIONS 


SOLAR AND SKY RADIATION MEASUREMENTS DURING 
JANUARY, 1927 


By Herpert H. Kimpatt, Solar Radiation Investigations 


For a description of instruments and exposures and an 
account of the method of obtaining and reducing measure- 
ments the reader is referred to the Review for January, 
1924, 52: 42, January, 1925, 53: 39, and July, 1925, 
53: 318. 

Commencing with this month, weekly summaries are 
given in Table 2 of the total radiation received on a hori- 
zontal surface from the sun and sky at the Bureau of 
Entomology station, Twin Falls, Idaho, latitude 42° 29’ 
N., longitude 114° 25’ W., altitude 1,300 meters. The 
measurements are obtained by the use of a Weather 
Bureau recording thermoelectric pyrheliometer under the 
supervision of the Bureau of Entomology. 

From Table 1 it is seen that solar radiation intensities 
averaged slightly below normal at all three stations. At 
Washington, D. C., at noon of the 27th, however, a 
measured intensity of 1.45 gr. cal. per minute per cm?’ 
exceeds the previous noon maximum for January by 
about 1 per cent. 


TABLE 1.—Solar radiation intensities during January, 1927 


(Gram-calories per minute per square centimeter of normal surface] 
Washington, D. C. 


! 
Sun’s zenith distance 
| | 
'g a.m.| 78.7° | 75.7° | 70.7° 60.0° | 0.0° | 60.0° | 70.7° | 75.7° | 78.7° | Noon 
Date | Air m: 
75th 
| mer. solar 
| time A.M. P.M time 
le 5.0 4.0 | 3.0 | 2.0 | *1.0] 20 | 30] 40 | 50] e 
| 
| mm. | cal. | cal. | cal. | cal cal. | cal. | cal cal cal, | mm 
EEE | 1,60 | 0.64 | 0.82 | 1.03 | 1.22 | 1.45 |______ 0.85 | 0.62 |_.___- 1.45 
3.30 | 0.64 | 0.78 | 0.99 | 1.21 1.28 | 1.02 | 0.86 | 0.76 | 3.15 
0.81 |------| 1.07 | 1.20 | 1.42 | 1.62 
0.63 | 0.86 | 1.02 | 1.24 | 1.54 |(1. 30) (0.94) (0.74) (0. 
Madison, Wis. 
| 
0.81 | 0.86 | 0.96 | 1.09 
1.68 | 0.93 | 1.05 | 1.20 
0.41 | 1.03 | 1.15 | 1.26 
Mean. .. 1... Au 0.92 | 1.02 | 1.16 |(1. 31) 
Departures... —0. 04-0. 06 —0. 07 —0. 
Lincoln, Nebr. 
j 
£47 | 1.28 1.25 | 1.17 | 1.06 4.17 
3.45 | 0.90 | 1.00 | 1.04 0.93 | 4.57 
3.81 | 0.84 | 1. . 
2.06 | 1.05 | 1. 
1.52 
1.32 | 1.07 
1.60 


Table 2 shows a deficiency in the total solar radiation 
received on a horizontal surface from the sun and sky at 
the tone stations for which normals have been deter- 
mined. 

No skylight polarization observations were obtained at 
Madison, Wis., as the ground was covered with snow 
throughout the month. At Washington, measurements 
made on three days give a mean of 63 per cent with a 
maximum of 65 per cent on the 12th. These are slightly 
above the corresponding averages for January at Wash- 
ington. 


Taste 2.—Solar and sky radiation received on a horizontal surface 


{Gram-calories per square centimeter of horizontal surface} 


| 
| Average daily radiation | ture 
ginning— | | il | | 
Wash- | Madi-| Lin- | Chi- | New | Twin || Wash-| Madi- | Lin- 
ington | son coln cago | York | Falls |/ington| son | coln 
| | | | 
Cal, | Cal. | Cat. | Cal. | Cal. | Cal. |) Cat. | Cal. | Cal 
Jan. 1 128 129 179 56 | 122 | 182 —22 | —8 | - 
146 123 224 50} 126) +28 
18 124 128 149 75 7 316 || —37 —36 —55 
150 194 178 92 128 199 —30 +7 —42 
Deficiency since first of year on Jan. —686 | —~448 


PHOTOHELIOGRAPHIC OBSERVATIONS, 1927 


Beginning with this issue of the Revimw we plan to 
publish each month data similar to that given in the 
table below. This is the outgrowth of a request by the 
U. S. Naval Observatory that the Weather Bureau aid 
in expediting the publication of such data obtained by 
the observatory. The original suggestion has, at the 
instance of the Weather Bureau, been extended so that 
data from several widely scattered points wil! be in- 
cluded, thereby assuring that we shall obtain observa- 
tions for as many days as possible each month, regardless 
of sky conditions at any one station. The following 
observatories are cooperating: U. S. Naval, Yerkes, 
Mount Wilson, and Harvard College. The Naval Ob- 
servatory has undertaken to compile the data. 

We expect to print in our February issue, in connection 
with the table, notes describing the methods of photo- 
graphing the sun spots and of computing their areas. 


Positions and areas of sun spots 


(Communicated by Capt. Edwin T. Pollock, superintendent U. 8. Naval Observatory] 
Data from Naval Observatory and Harvard and Yerkes Observatories ! 


| Heliographic Area? 
Eastern |_ 
Date us 
vil time ngi- ati- 
tude tude | Spot | Group 
1927 Hr. min, 
—§3.5| +20.0 
—17.0 +10.0 62 
+105 27 
+205) -80 401 
—67 | 278 
| —37 | +20 41 
159 
+23 {| 834 
| +50 | —18 21 |. 


latitudes are plus and the south minus. 


4 
at 
d 
\ 
1. ~ 
| The letters N. O. in the first column signify that the photograph was taken at the 
0.94] | 1.16! 1.34 |(L 58)/(1. 1.19 | 1.08 0.98 U.S. Naval Observatory; the letters Y. and H. that it was taken at Yerkes Observatory 
01}+0. 04 —0. 01 —0. 03)... 11} +0. 03 +0. 04 +0. 06)... and Harvard Observatory respectively. 
ae i | | | ? The areas are expressed in millionths of the sun’s visible hemisphere. The longitudes K 
east of the central meridian are written as minus, and west of it as plus. The north j 
Extrapolated. 
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Positions and areas of sun spots—Continued 


Positions and areas of sun spots—Continued 


20 
50 
ll 40 
ll 55 
5 
13 25 
45 


10 
1 
11 


Hr. min. 


SECOND HALF OF 1926! 


[Reprinted from A. Wolter, Meteorologische Zeitschrift, October, 1926, and January, 1927} 


PROVISIONAL SUNSPOT RELATIVE NUMBERS FOR THE 


1 For values for the six months, January to June, 1926, see MONTHLY WEATHER 
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AEROLOGICAL OBSERVATIONS 


By L. T. 


Free-air temperatures for January were above normal 
at the two southern stations, Broken Arrow and Groes- 
beck and also at Royal Center. (See Table 1.) In 
general the departures increased with altitude, the 
maximum being +3.6° C. at 3,000 meters at Groesbeck. 
Smaller departures obtained at Due West and Ellendale 
than at the other stations but they were mostly negative. 

Humidity and vapor pressure departures were small, 
the principal feature being the positive values of the 
former at Royal Center where the temperatures also 
averaged appreciably above normal. The apparent 
excess of moisture in the free air above this station did 
not result in any excess in precipitation for the month, 
however. 

The resultant free-air wind movement as shown b 
kite observations did not depart greatly from the normal, 
except in the lower levels at some of the stations. (See 
Table 2.) 

The resultant winds above 500 meters as indicated by 
some 30 pilot balloon stations showed a pronounced 
westerly component over all of the United States except 
along the Pacific coast and the extreme southern part of 
Florida. With the exception of San Francisco the Pacific 
coast region showed a pronounced southerly component 
whereas at the former station an equally pronounced 
northerly component prevailed. ‘At 2,000 meters the 
resultant winds were over all of .he Pacific 
coast region as compared to northwesterly over the rest 
of the country. At Key West, however, an easterly 
component persisted to 2,000 meters but became westerly 
above this height, while at San Juan the westerly com- 
ponent did not obtain until 4,000 meters. 

Exceptionally strong winds were observed simultane- 
ously at Cheyenne and Denver on the 3d. A maximum 
velocity of 76 meters per second occurred at 5,400 meters 
above ground at Cheyenne and 71 meters per second at 
2,400 meters above Denver. The direction in both cases 
was west-northwest. These high winds occurred on the 
ee side of an extensive depression centered over Mani- 
toba. . 

The influence of these large disturbances as regards 
strong winds extends to greater distances at the higher 
levels than nearer the surface. For example, on the 5th 
with a storm centered over Maine the following high 
velocities were observed at points far to the west and 
south: Davenport, NW. 42 meters per second, 4,000 
meters; Atlanta, NW. 54 meters per second, 3,000 meters; 
Due West, NW. 54 meters per second, 3,700 meters; 
Jacksonville, NW. 44 meters per second, 3,600 meters. 
Only light to moderate winds prevailed at the surface at 
these stations. 

An unusual turning of the wind with altitude occurred 
at Burlington on the 9th and 10th. Situated in the 
center of an anticyclone on the 9th there was observed a 
northerly wind with velocity increasing from 1 meter 
per second at the ground to 11 meters per second at 1,500 
meters, above which a veering to easterly occurred ac- 
companied by a drop in velocity to 4 meters per second. 
This abnormal direction and velocity continued to at 
least 4,200 meters where the observation ended. Easterly 
winds at these elevations in the winter season especially 
in the higher latitudes usually indicate stagnant condi- 
tions or a disintegration of the pressure areas. In this 
case the latter occurred and on the next day northerly 
winds near the surface veered to southeasterly at 1,000 
meters and continued so to at least 4,400 meters where 


the observation ended. The velocity remained un- 
changed throughout this stratum. 

It is sometimes found at the northern stations that a 
rise in temperature accompanies the passage of the wind- 
shift line in a depression when the direction changes from 
southerly to northerly. A pronounced instance of such 
a change occurred at Ellendale on the ist. The wind- 
shift line passed over at 9.30 a. m., accompanied by a 
rise in surface temperature from —4.3° C. to 6.5° C. and 
a drop of 54 per cent in relative humidity within 10 
minutes. The surface wind veered from south-south- 
west to west-northwest. One and one-half hours pre- 
ceding this shift the southerly current was 300 meters 
thick and was surmounted by a northwest wind. Further 
evidence of the relatively high temperature of this north- 
westerly air was found in the pronounced inversion 
wherein the temperature rose from -—8.6° C. at the 
ground to 12.9° C. at 340 meters. This marked tem- 
perature gradient in the lower levels resulted in a pro- 
nounced mirage being observed toward the northeast 
through east to south. 


TaBLeE 1.—Free-air temperatures, relative humidities, and vapor 
pressures during January, 1927 ' 


TEMPERATURE (°C.) 


Broken Ellendale. 
Due West, * | Groesbeck, |Royal, Center, 
|8-C. @i7m.)| aK Tex. (41 | Ind. (225 m). 
Altitude 
Beg! Depar- Depar- Depar- Depar. Depar. 
ture ture ture ture ture 
Mean} from | Mean} from | Mean; from | Mean! from | Mean! from 
9-yr. 6-yr. 10-yr. 9-yr. 9-yr. 
mean mean mean mean 
Surface... 3.3) -O.1 6.1 | —0.9 |—10.8 0.0 9.2 | +14 | —3.1 
3.2 | +0.2 4.5 | —0.8 |—10.7 0.0 9.8) 42.5) +0 
3.2 | +0.4 —9.6 | 40.4 9.7} +1 
1,000... ...... 4.4] +15 4.0) -0.2) | +0.2 9.8) 425) -3.2) +1 
1,250... +19 3.2) —0.3 | -7.9 | -03 9.6) +2. 
1,500... 4.8 2 21) -0.6| -—8.0| —0.4 9.2) 42.7; -3.6) +1. 
2,000... .....- 3.4 22) -9.6 7.4) 42.5) +1 
BAO 15 | +2.6) —1.9 | —0.9 |-1L7/| —0.4 6.9 +3.1 | -6.9) +L 
424) —0.9 |—13.9 0.0 4.1) +3.6' +2. 
3,500. —4.3 +19) —5.4 | 1-168 | —O1 —~10.9} +2 
—7.9 | +1.2 | —8.2 +0.7 |-20.3 | —12.2) +2 
RELATIVE HUMIDITY (%) 
Surface... 68 —3 61 79 81 +3 81 2 
68 —3 60 73 +2 81 2 
60 —5 57 —5 77 —4 70 —2 80 +6 
55 —5 54 —5 68 —6 66 74 
49 —6 55 —2 60 —7 59 —3 67 3 
43 57 +2 56 —6 52 —5 60 +1 
39 56 G 55 —5 47 —6 59 +3 
35 51 54 —5 44 —3 61 +9 
34 39 55 45 +1 58 +6 
36 —5 35 —4 52 42 +2 61 7 
4,000........ 40 —4 48 57 1 
VAPOR PRESSURE (mb.) 
Surface... |—0.37 | 6.08 |—0.67 | 2.55 9,89 41.07 | 4.07 | +0.17 
5.43 |-0.38 | 6.02 |—0. 64 9.45 |+0.97 | 4.03 | 4-0. 21 
4,78 |—0.41 | 5.65 |-0.40 | 2.46 8.64 /4+0.81 | 3.73 | 
4.24 |—0.46 | 5.47 |—0.21 | 2.23 |—0.03 7.91 3.52 | +0.43 
3.98 |—0.26 | 5.42 |+0.09 | 2:11 |-0.10) 6.90/+0.30 3.29) +044 
1,900.1 3.56 |—-0.25 5.10 |4+0.25; 1.99 | 5.94 /4+0.01 | 2.91! +0.31 
3.21 |—0.18 | 4.56 | 5.16 2.74) +037 
2,000... ...... 2.60 |—0.16 | 3.34 |-0.07 1.51 |-0.23 436 /4013 2.48) 
2,500... ...... 2.31 |—0. 01 1. 92 |—0. 53 1.25 |—0.18 | 4.26 |40.82, 2.12) +6.43 
3,000... ...... 2 +0.05 | 0.87 |-0.97 | 0.97 |—0.14! 3.88 4113; 200) +051 
3,500... ...i.. 1, 74 |+-0..03 0.76 04 1.68 | +0. 37 


27 
ap 
260 
247 
62 
iié 
154 i: 
a 
107 
123 
62 
31 
15 
15 
62 
340 
216 
401 
31 
31 
iE 
27) 
1- 
52 i 
55 
a? 
69 
92 
68 
03 
68 
i Naval Air Station data omitted owing to insufficient number of airplane observa- So 
, tions during January to determine monthly mean. ae 


i 32 MONTHLY WEATHER REVIEW JANUARY, 1927 

i TABLE 2.—Free-air resultant winds (m. p. s.) during January, 1927 

f Broken Arrow, Okla. Due West, 8. C. Ellendale, N. Dak. Groesbeck, Tex. Royal Center, Ind. Washington, D. C. 

i (233 meters) (217 meters) (444 meters) (141 meters) (225 meters) (34 meters) 

Altitude 

$ mn) Mean “yr. mean Mean 6-yr. mean Mean 10-yr. mean Mean 9-yr. mean Mean 9-yr. mean Mean 7-yr. mean 

Dir. Dir. {Vel} Dir. {Vel Dir. {Vel.) Dir. {Vel Dir. (Vel) Dir. {Vel} Dir. (Vel) Dir. /Vel.) Dir. {Vel} Dir. Dir. [Vel. 

Surface ....- S. 76°W.) 0.88. W.| 36°W.) 1. 11S. 87°W.| 3. 63°W ads. 18°W.| 3.4|N. 68°W.) 0. 51S. 41°W.) 1.3/8. 51°W.) 1.9|N.47°W.) 1.7 

8. 73°W.)| 0.9)S. 41°W. Lan 61°W.4 1. 77°W,) 59°W.) 1, 78°W.| 0.6/S. 44°W.) 1. 50°W.) 2. 31N. 68°W.) 3. 65°W.) 3.3 

500__. 8. 55°W. 2.218. 36°W .| 2.44 W. 2. 618. 88°W.| 4.7)/N. 68°W.| 3. 5)S. 52°W.) 4.1/8. 59°W.) 1.8/8. 51°W.) 4.1)S. 60°W.! 5. OIN. 63°W.) 6. 71°W.) 5.5 

S. 68°W.| 2.2)S. 41°W.) 3. 73°W.) 3. 84°W.) 4. 79°W.| 67°W.| 5. 5/S. 56°W.) 5.3/8. 61°W.| 65°W.) 5. 7/S. 66°W.) 6. 6/N. 62°W.) 6.61N. 71°W.) 7.2 
1,000. 8. 72°W.| 3. 48. 58°W.: 3.68. 80°W.) 5. 1/8. 81°W.| 5. 73°W.| 7.3)/N. 68°W.| 6.7/8. 60°W.) 6.4/S. 64°W.) 3.7/S. 76°W.| 7.4/8. 75°W.| 7.6)N.57°W.) 7. 69°W.) 8.3 

1,250 __ 8. 75°W. 4.4/8. 71°W.| 4.2/8. 76°W.) 7.2/8. 87°W.) 7. 69°W.| 8. 63°W.) 7.8/8. 62°W.) 6. 5/S. 70°W.| 4. 8/S. 86°W.| 7. 91S. 80°W.) 8. 

1,500_. .89°W.| 73°W.) 5.4/8. 85°W.) 8. 21S. 86°W.! 9. 91N. 68°W.) 9.4/N. 64°W.| 8.218. 68°W.) 6.3/5. 74°W.| 5. 85°W.) 9. 7/S. 84°W.) 9. 71°W.) 7. 68° W./10. 1 

2,000 _ . 86°W.! 7. 1\8. 82°W.| 7.3/8. 85°W./10. 31S. 87° W.|12. 5|N. 64° W./11. 65°W../10. 81S. 89°W.! 6.1/S. 79°W.| 7. 2)N. 85°W../11. 01S. 85° W./11. 65° 8. 91N. 5 

2,500. N.87°W.| 9.0/8. 87°W.) 8. W. = 81S. 89° W./15. 2)N. 63° W./13. 66° W./12. 59°W.| 7.4/8. 81°W.) 8. 86°W./11. W. = 56° W.) 9. 80° W 9 

3,000. 85°W./11. 89°W ./10. 21S. 87°W.|14. 81S. 87°W./16. 56°W./15. 67°W ./14. 52°W.| 9. 1/S. 82°W./10. 88°W./15. 31S. 89° W./13. 
3,500. 88° W.|13. 86° W./10. 91S. 77°W.)13. 84°W./16, 3)N. 76°W./16, 68° W ./15. 5|N. 38° W./12. 8/S. 84°W./11. 3/S. 87°W./15. 81S. 83°W./13. 
4,000 _ .|S. 85° W./11. 86°W./11. 31S. 67°W./18. 81° 76°W./19. 2) N. 63° W.|17. S. 75°W.119. 18. 74°W.i17. 


WEATHER IN THE UNITED STATES 


GENERAL CONDITIONS 


The month was characterized by greater than the nor- 
mal atmospheric pressure, the rapid movement of cyclonic 
systems eastward along the northern border, the rather 
sluggish movement elsewhere; moderate temperature for 
taideriliter ; generally deficient rainfall, except in the 
upper Ohio Valley and thence southwestward to Okla- 
homa, where it was normal or above. The snowfall was 
light to moderate in the middle Atlantic area, the imme- 
diate Ohio Valley, the middie Missouri Valley, and in the 
southwest. 


CYCLONES AND ANTICYCLONES 
By W. P. Dar 


The month was marked by a succession of high-pressure 
areas of considerable magnitude and mostly of polar 
origin. Three of these had maximum pressures around 
31 inches. On the morning of the 9th high pressure 
extended from Alaska to southern Mexico, with a crest 
of 30.92 inches at Miles City, Mont. Again, on the 14th 
a great HIGH extended from Canada to Central America, 
with a maximum pressure of 31.10 inches at Rapid City, 
S. Dak. Later, between the 25th and 28th, a large niaH 
moved slowly southeast from the Canadian Northwest 
to the middle Atlantic States, with several pressure read- 
ings as high as 31.06 inches as it passed over the Lake 
region. 

On account of the prevailing high pressure during 
much of the month, the number of low-pressure areas 
nome was reduced to 16 as compared with 23 for 

ecember. There were no unusually severe storms. , 


THE WEATHER ELEMENTS 
By P. C. Day 
PRESSURE AND WINDS 


The outstanding features of the weather for the first 
month of 1927 were the unusually high sea-level baro- 
metric pressures, 31 inches or above, observed over the 
north-central districts on the 8th and over central and 
northeastern districts on the 26th and 27th, the pressure 
on the latter dates being the highest of record at many 
stations on the Great Lakes, in portions of the Ohio 
Valley, and to the eastward; the widespread excess of 
temparature; and the greatly deficient precipitation over 
most southern and eastern districts. 


The first decade was mainly free from important cy- 
clonic storms, though about the 6th a low-pressure area 
developed in the middle Plateau and moved northeast- 
ward, reaching North Dakota by the 8th, whence it 
moved southeastward to the Carolina coast by the morn- 
ing of the 10th, where it again curved to the northeast 
and passed off the New England coast, reaching New- 
foundland by the morning of the 12th. At no point in 
its long course did this storm reach extensive proportions 
or give any wide distribution of anporiants precipitation. 

t the beginning of the second decade a storm devel- 
oped in the far Southwest and by the morning of the 
13th it was central over Missouri attended by local heavy 
rains near the center and by snow to the westward and 
northward. During the following 24 hours the storm 
moved rapidly to the lower St. Lawrence Valley and wide- 
spread rain or snow, mostly light, occurred over nearly 

districts from the Mississippi Valley eastward to near 
the Atlantic coast. Immediately following the passage 
of this storm, another developed off the coast of southern 
New England attended by precipitation, mostly sleet or 
snow, along the entire Atlantic coast from the Carolinas 
to Maine, some heavy falls of snow occurring in south- 
eastern New York and near-by areas. 

Cyclonic disturbances were rather frequent in_ the 
central valleys and Southwest during the latter part of 
the second decade and the first half of the third, duri 
which time important precipitation, mostly rain, occurr 
over the middle and lower Mississippi Valley and portions 
of the Ohio Valley as well as lighter falls of both rain and 
snow in near-by areas; none of these low areas developed 
pon, roportions, however, and few. persisted as 
well-defined storms over long courses, 
The last half of the third decade had little cyclonic 
activity, though considerable precipitation occurred from 
central California northward on the 27th to 29th, and 
there were widespread, but light rains over the eastern 
third of the country during the last three days. 

Anticyclones rather dominated the weather of the 
month and persisted to an unusual extent over the 
Plateau region during the first decade, extending into the 
districts to the eastward by the end. Early in the second 
decade an anticyclone of unusual strength moved into 
the upper Missouri Valley and advanced eastward into 
the Atlantic coast districts by the 17th, being quickly 
followed by another over the more northern. districts, 
and rather high pressure persisted for several days over 
the north-central districts, advancing later to New 
England, attended by severe cold over the Great Plains 
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and into central Texas about the 22d. During this period 
high pressure was developing in the Plateau and Rocky 
Mountain regions and on the morning of the 25th another 
high-pressure area moved into the Dakotas. By the 
next morning it had extended eastward to the upper Lake 
region as an anticyclone of unusual strength, the pressure 
rising above 31 inches over a wide central area, attended 
by minimum tempertures from 40° to 50° or more below 
zero over the more northern districts from North Dakota 
eastward. By the morning of the 27th it had advanced 
to New England without appreciable diminution of 
strength, the pressure still remaining above 31 inches over 
the central area, the highest pressure ever observed ca | 
reported at numerous points from the Great Lakes an 
Ohio Valley eastward. This unusual anticyclone moved 
slightly southward to the middle Atlantic coast durin 
the 28th and rapidly diminished in strength as it drif 
eastward onto the ocean, 

The average pressure was everywhere higher than 
normal both in the United States and Canada save over 
small areas in Oregon and Washington, where it was 
normal or slightly below. Compared with the preceding 
month the average pressure was likewise higher in 
parts of both countries except in the far West. 

There were no persistent and pronounced pressure 
centers or steep average pressure gradients to influence 
the prevailing winds over large areas. Severe storms 
of any character were notably, absent for a mid-winter 
month, though in some northern districts snow drifts 
blocked traffic on several dates. 

The usual statistics concerning severe storms appear 
at the end of this section. 


TEMPERATURE 


While the average temperature was mainly above 
normal there were several periods of severe cold, notably 
on the 11th and 12th over the Southern States, particu- 
larly in Florida, where freezing temperatures occurred 
in the interior and frosts were reported as far south as 
Miami. On the 13th high pressure in the northern 
Plains brought sharp falls in temperature over much of 
the country adjacent thereto and as it moved eastward 
and southward severe cold penetrated the more southern 
districts, freezing temperatures reaching into southern 
Texas on the 14th and into southern Florida on the 15th 
and 16th, attended by severe damage to all tender vege- 
tation and considerable damage to citrus fruits and the 
more hardy vegetables. Several important changes to 
uite low temperatures occurred over the more northern 

istricts during the latter part of the second decade and 
the first half of the third, and rather low temperatures 
extended into central Texas on the 22d and 23d, and 
about the same time temperatures were decidedly low 
in the far Southwest, a injurious frosts did not 
reach into the important fruit and truck regions of 
California and Arizona. 

The important anticyclone a Dakotas on the 
25th brought the coldest, weather of the month during the 
following two days over all northern districts to the 
eastward, but severe cold did not develop southward to 
any great extent until the anticyclone reached the North 
Atlantic coast districts, when sharp falls in temperature 
were recorded as far south as the Carolinas and into 
northern Georgia. 
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The highest Naga were recorded during the 
first week over nearly all districts from the Great Plains 
westward, while to the eastward they were mainly ob- 
served from the 20th to 22d, though near the Great Jakes 
they occurred mainly on the 29th and 30th. A few points 
in the east Gulf and South Atlantic States reported the 
highest or nearly the highest temperatures ever observed 
in January on the 22d or 23d. 

The lowest temperatures occurred on the 15th and 16th 
from the central and southern Plains eastward to the 
Atlantic coast, save that in Virginia and North Carolina 
they occurred on the 12th. In portions of the northern 
Plains and from the Rocky Mountains westward they 
occurred mainly from the 21st to 24th, at which time 
some of the lowest temperatures of record occurred in the 
far Northwest. From the Dakotas eastward to the North 
Atlantic coast the lowest marks occurred on the 26th 
and 27th. 

The average temperature for the month was above 
normal over the entire country and Canada as well, save 
for a small area including most of the drainage area of the 
Great Lakes, and a narrow strip along the jmmediate 
Atlantic coast from Key West to Delaware Bay, and at a 
few points in the far Northwest. Over much of the 
Southwest, particularly New Mexico and portions of 
near-by States, the averages were far above normal and 
in a few instances the means were the highest of record 
for January. At Santa Fe there were no days with the 
temperature below normal. Unusual warmth prevailed 
also in the middle Gulf States and over the Dakotas and 
near-by Canadian Northwest Provinces. 


PRECIPITATION 


January as a whole was distinctly dry, only nine States 
showing average precipitation in excess of the normal. 
Amounts of precipitation above normal were confined 


mainly to a narrow area from central Oklahoma and 


northern Arkansas northeast to and over the Ohio Valley. 
There was a slight excess over —— and at a few points 
in the middle plateau. In all other districts, precipita- 
tion was almost uniformly below normal, and over the 
Southern and Southeastern States the deficiency was 
unduly large, the totals at individual points in the Gulf 
and South Atlantic States being in many cases the least 
for the month in the 50 or more years of record. . 


SNOWFALL 


There was no unusually wide distribution of snow and 
the individual falls were not heavy save in a few instances, 
and these usually covered wort small areas. 

Over New York and New England about the normal 
snowfall occurred, the totals for the month ranging locally 
up to two feet or slightly more. Somewhat less snow was 
recorded in the Great Lakes region and in portions of 
Illinois and Indiana. In the remaining sections east of 
the Rocky Mountains where snow usually falis the 
monthly amounts were mainly small and usually less 
than normal. 

In the western mountains, snowfall was generally 
near normal over the northern districts and mainly far 
less than normal in the more southerly portions. 

Individual heavy snows occurred over a considerable 
area from the middle Mississippi Valley northeast to 
Michigan on the 13th and 14th, and over the Hudson 
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Valley and near-by areas on the 15th and 16th. Else- 
where the individual falls were mainly light except for 
local areas in the western mountain districts, where 
some heavy falls were recorded. Drifting snow delayed 
traffic somewhat in b hye of New York and near-by 
areas about the middle of the month, and there was 
rs drifting during the month in the northern 
ains. 

{njurious glaze storms occurred locally in Missouri 
and in the vicinity of the Ohio River im Illinois and 
Kentucky, near the first of the last decade, causing im- 
portant damage to overhead wire systems, orchards, etc. 
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HUMIDITY 


The relative humidity was mainly less than the 
normal, particularly over the Southeastern States where 
recipitation was very deficient, and there was mainly 
0 than normal humidity in the Northwest and far 
West. In portions of the middle Plains and northeast- 
ward over the Ohio Valley to New England, there was 
an excess in the humidity percentages, and similar 
conditions prevailed in the western upper Lake region 
and over the upper Mississippi Valley and portions 
the Dakotas. 


SEVERE LOCAL HAIL AND WIND STORMS, JANUARY, 1927 


[The table herewith contains such data as have been received concerning 


severe local storms that occurred during the month. A more complete statement will appear in the Annual 


Report of the Chief of Bureau} 
Place Date Time of Character of Remarks Authority 
ro) 
| ate perty 

New England coast .. ll Wind and snow...) Steamer ded near Rose Island; street car | Times (New York). 

and light service out of commission; high- 
. ways blocked by fallen wires. 

Tlinois 12-13 Snow and wind-...| Considerable losses to transportation companies; | Official, U. 8. Weather Bu- 
highways blocked by drifts; telephone lines reau. 
down; icey condition of streets dangerous. 

Cone Wash. | 12-13 $27,000 | Sleet and wind_..| Telegraph, telephone, and lines Do. 

wes ot). 

Hudson Valley, N. Y....--. 15 Heavy snow-....- Traffic impeded. .......... Do. 

18-23 |...... Heavy rains....... conditions resulted. Damage not re- Do. 

Missouri (southeastern | 18-24 Rain, sleet, and Worst glaze storm in 20 years or more. Public Do. 

part). . 4 utilities suffer severely; fruit, timber, and 
small houses damaged by ice; many auto 
. accidents in various parts of the State. 

Tennessee (northwest| 19-21 a Heavy rains....-.. Children drowned while crossing swollen Do. 

part). stream; no damage to property reported. 

Indiana — and south- | 20-23 Glen sanckacocce Travel difficult; fruit and winter grains dam- Do. 

ern 

Mlinois (southern part)..... 21-23 148, 000 Area embraced about 20 counties; 98 per cent Do. 
of damage due to falling limbs and trees; tele- 
om and telegraph companies sustain hea 
osses; much injury to commercial orchards. 

(north and/ 22-23 Extensive damage to wire systems............-.. 

west). 

Oklahoma. 22-24 218,000 | Severe sleet and | Wire systems badly damaged.--................ Do. 

Texas (north and west)....| 22-24 |. @ a 2. Considerable damage to overhead wires, power | Dallas ex.) Morning 
reported. 

Teebah, Pa., and vicin- 23 Rain and glaze....| Wires thickly coated; cars run with difficulty..| Official, U.S. Weather Bu- 

y. reau. 

Milwaukee and Mani-/| 29-30 3,000 Wine Several plate windows broken; some signs Do. 

towoec, Wis. and outbuil blown down. 

30 Thunderstorm,} One home damaged by Do. 

wind, and hail. 


STORMS AND WEATHER WARNINGS 


WASHINGTON FORECAST DISTRICT 


Few storm ee were required during the month, 
and they were issued for only threestorms. The first were 
southeast warnings displayed at 10 a. m. of the 4th from 
Delaware Breakwater to Boston, and at 9:30 p. m. on 
the coast of Maine, for a disturbance of marked intensity 
moving eastward with center over Ontario that morning. 
The highest wind velocity during the ensuing 24 hours 
was 48 miles an hour from the southeast at Eastport, Me. 

On the morning of the 11th a disturbance was advarc- 
ing northeastward with increasing intensity, with center 
about 200 miles off the New Jersey coast, and northeast 
storm warnings were ordered displayed from Block 
Island, R. I., to Eastport, Me. All stations in this area 
reported verifying velocities, the highest being 60 miles 
an hour from the northeast at Nantucket, Mass. On 
the 15th another disturbance was central in about the 
same location as that of the 11th, but the following area 
of high pressure was much stronger and accompanied by 
a cold wave. Consequently, northwest storm warnings 
were displayed from Cape Hatteras to Boston at 9 a. m., 
and northeast warnings north of Boston at 10:30 p. m. 
Verifying velocities occurred at practically all stations, 


New York City reportitig 60 and Cape Henry 48 miles 
an hour, both from the northwest. 

The last storm warnings of the month were issued 
under unusual conditions at 9:30 p. m. of the 26th. 
At that time an area of abnormally high pressure (31.06 
inches at Southampton, Ontario), accompanied by a cold 
wave, was pushing rapidly southward over the Atlantic 
States. Although there was no low pressure over the 
East Gulf or South Atlantic States, strong north and 
northeast winds were indicated for the South Atlantic 
coast because of the steep pressure gradient from north 
to south. Therefore, northeast storm warnings were 
displayed from the Virginia capes to Savannah, Ga. 
Cage Hatteras reported the highest velocity, 40 miles 
an hour from the north. 

Small-craft warnings were issued for portions of.the 
Atlantic coast on the Ist, 6th, 11th, 15th, and 26th, and 
warnings of northers in the Panama Canal Zone were 
issued on the 10th, 14th, and 27th. 

Heavy-snow warnings were issued at 3:45 p. m. of 
the 11th for Rhode Island, eastern Massachusetts, and 
part of Maine and New Hampshire. The followi 
ry srg * astport, Me., reported 5, Boston 7, and Bloc 
Island, R. I., 11 inches of snow on the ground. 

No cold-wave warnings were required during the first 
13 days, and the only general warnings were those of the 
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14th, which were for practically the entire forecast dis- 
trict, except extreme southern Florida. At 8 a. m. of 
that date a shallow trough of low pressure was advancing 
eastward over the Atlantic States and the Appalachian 
region and an area of high pressure of great magnitude 
(Rapid City, S. Dak., 31.10 inches), accompanied by 
much colder weather, had already overspread all sections 
between the Rocky Mountains and the Mississippi River. 
By 8 a. m. of the 15th the line of zero temperature ex- 
tended southward to Kentucky, and 10° to Birmingham, 
Ala. and Atlanta, Ga. Durirg the following night the 
temperature fell to 20° in extreme northern Florida and 
28° at Tampa. 

On the 22d cold-wave wernings were issued for por- 
tions of the Ohio valley and the northern border States 
and on the 25th-26th for the Atlantic States as far south 
as North Carolina. The warnings of the 22d were not 
verified, while those of the 25th-26th were well verified 
in most States. 

Frost warnings were issued for the extreme South on the 
Ist, 2d, 9th, 10th, 11th, 14th, and 15th. The most 
important of these warnings were for the freeze of the 
night of the 15th-16th, when the temperature fell to 20° 
or slightly lower in extreme northern Florida and to 28° 
at Tampa, with frost nearly to the extreme southern 
coast of Florida. No frost warnings were required after 
the middle of the month.—@. L. Mitchell. 


CHICAGO FORECAST DISTRICT 


January in the Chicago forecast district was not 
characterized by unusual storm movement. The mean 
temperature was above normal over most of the dis- 
trict, especially west of the Mississippi, and close to 
normal east of it. Precipitation was heavy to excessive 
in the Ohio Valley and southern Missouri, but below 
normal almost everywhere else. The low pressure areas 
as a rule, passed rapidly eastward with their centers well 
to the north; but in a few instances they passed directly 
eastward across the center of the country, especially 
those of January 12-13, 18-19, and 20-22; these were the 
storms responsible for the heavy precipitation in the 
southern dam of the forecast district. 

The cold waves were not severe; and warnings of them 
were given over most of the areas affected, either through 
forecasts of cold waves or much colder weather. - 

Advisory a strong winds were issued for the 
open ports on Lake Michigan from time to time. 

Perhaps the principal feature of the month was the 
passage over the district of two exceptionally high pres- 
sure areas. One, on the 14th-15th, with a pressure of 
31.10 inches in South Dakota, decreased in magnitude 
with its eastward movement; while the second, on the 
25th-26th, pushed southeastward from eastern Manitoba 
across the upper Mississippi Valley and Great Lakes 
region with increasing pressure. In the northern lakes 
region it was as high as 31.06 inches. At Chicago the 
highest pressure observed since the establishment of the 
station in 1870 was registered on the 26th, 30.97 inches. 

This high-pressure area was accompanied by extremely 
low temperatures in the northern portion of the forecast 
district, a minimum of 32° below zero being registered 
at Sault Ste. Marie, the lowest of record for the mont 
of January at that point.—H. J. Cow. 


NEW ORLEANS FORECAST DISTRICT 


Weather throughout the district was generally mild 
for the season during the first 10 days of the month. 
Cold-wave warnings were issued on the night of the 12th 
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for Arkansas, Oklahoma, the northern portion of east 
Texas, and northern Louisiana, and on the morning of 
the 13th were extended to the Texas coast and over 
Louisiana, except the southeast portion, with forecast of 
freezing to the Louisiana coast by the moruing of the 
15th. A severe cold wave occurred, giving tempera- 
tures near zero over the extreme northern portion of the 
district, and freezing to the west and middle Gulf coast. 

Cold-wave warnings were issued on the morning of the 
17th for Oklahoma, northwest Arkansas, and northern 
and western Texas. The warnings were verified in por- 
tions of the area but the verifying temperature did no¢ 
occur in Texas. Warnings were issued on the 2ist and 
22d for the district except southeastern Louisiana. A 
decided cold wave occurred over the northern portion of 
the district, extending as far south as central Texas, but 
the high-pressure area changed its course to the eastward 
and the cold wave did not extend to the Gulf coast. 

Storm warnings were issued for portions of the Texas 
coast on the 13th, 14th, and 22d; the warnings of the 
13th and 14th were justified but no high winds occurred 
oo the warnings of the 22d. No general storm 
occurred without warning, but high winds occurred at 
Galveston on the night of the 9th. 

Norther warnings were issued on the 13th for Ameri- 
can interests at Tampico, Mexico. High winds occurred 
as forecast.—J. M. Cline. 


DENVER FORECAST DISTRICT 


Except in portions of southern and western Montana 
and northeastern Wyoming, where the temperature was 
somewhat below normal, the month was considerably 
warmer than the average throughout the district. Pre- 
cipitation was deficient everywhere except in northern 
and eastern Utah and northwestern Colorado. 

Temperatures much below normal, however, prevailed 
from Montana southward to eastern Colorado on the 12th 
and 13th, the cold continuing in Montana and Wyoming 
and eastern Colorado until the 14th. Another cold wave 
made its appearance over Montana on the 16th-17th and 
rapidly extended southward to northern Texas. Severely 
cold weather in Montana and northern Wyoming con- 
tinued until the 22d, temperatures below — 30° occurring 
in north-central Montana on the 20th and in most of 
eastern Montana on the 21st, with readings below zero 
as far south as extreme northeastern Colorado on the 
morning of the 2ist. Moderating weather on the 
eastern slope attended lower pressures in western Canada 
on the 22d. 

Warning of a moderate cold wave in eastern Wyoming 
was iaaled on the evening of the 11th. The warning 
was extended to eastern Colorado on the morning of the 
12th and to, eastern New Mexico on the evening of the 
12th. These warnings were fully verified. On the 
morning of the 16th, warning was issued of a moderate 
cold wave in eastern Montana. This was extended on 
the evening of the 16th to eastern and southern Wyoming 
and Eastern Colorado. On the morning of the 17th the 
warning was repeated for eastern and southern Wyoming 
and eastern Colorado, and stockmen were notified. The 
warnings were justified, the cold wave being attended by 
light. snows in the region specified. On the morning of 
the 18th, warning of a severe cold wave was issued for 
northwestern Wyoming, which was verified during the 
following day. A warning of a severe cold wave, with 
stockmen’s warnings, was issued on the morning of the 
21st for Utah, southern and western Colorado, nerthern 
and extreme eastern New Mexico, and north-central and 
northeastern Arizona. Warniags of a moderate cold 
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wave in western Colorado, northeastern Arizona; and 
southeastern Utah were also distributed on the mornin: 
of the 20th. Snows occurred in the region mentioned, 
with a cold wave in southern Utah and extreme eastern 
New Mexico. The required fall in temperature, how- 
ever, failed to occur in western Colorado, north-central 
and northwestern New Mexico, and northeastern Arizona, 
as the Low which was over western Colorado decreased 
slowly in intensity and finally disappeared over New 
Mexico on the morning of the 23d. Warning of a 
moderate cold wave in eastern Montana, issued on the 
evening of the 29th, was verified in the extreme eastern 
portion of the State. 

Local cold waves without warning occurred on the 13th 
at Lander; on the 20th and 25th at Havre, and on the 
3lst at Miles City. More general cold waves without 
warning occurred in eastern Montana on the 17th, and 
in southern and western Montana and eastern Wyoming 
on the 21st, due to the unexpected development of HIGHS 
along the northwestern border. In the latter instance 
the temperatures throughout about all of that region 
were already severely low on the morning of the 20th. 

Warnings of strong southerly to westerly winds in 
eastern Colorado and Wyoming were issued on the even- 
ing of the 6th for the benefit of aviation interests. A 
warning of strong westerly winds in the same region was 
furnished to these interests on the evening of the 28th. 
Both warnings were fully verified.—J. M. Sherier. 


SAN FRANCISCO FORECAST DISTRICT 


The month opened with a disturbance of marked in- 
tensity central over the Gulf of Alaska, in which the mini- 
mum pressure was below 28.50 inches. This disturb- 
ance moved east-northeast and caused rains over the 
north and central portions of this forecast district and 
southerly gales along the Washington-Oregon coast, for 
which storm warnings were issued the morning of the Ist. 
The highest wind velocity reported during the preva- 
lence of this disturbance was 76 miles an hour from the 
south at North Head, Washington. This disturbance 
was the first of a number to move eastward over the 
northeast Pacific Ocean and give rains over the north 
and central parts of this forecast district and high winds 
on the coast. On 15 days of the month storm warnings 
were ordered for some part of the coast, principally the 
coast north of Cape Mendocino, but on the 9th, 10th, 
14th, and 19th, storm warnings were displayed on the 
north part of the California coast. The record shows 
that six well-defined disturbances crossed the coast line 
during the month. 

Beginning on the 11th and continuing through the 19th 
rains and snows became general over the Pacific North- 
western States and following the series of disturbances 
that passed over this area the barometer rose rapidly, the 
wind became north and northeastward, and the coldest 
weather of the winter overspread Washington, Oregon, 
Idaho, and Nevada during the 20th to 24th. This cold 
wave was attended by temperatures below zero over the 
eastern parts of Washington and Oregon and over Idaho 
and northern Nevada. Except in Idaho and northern 
Nevada, for which cold wave warnings were ordered, the 
fall in temperature was not sufficient to verify cold-wave 
warnings. Nevertheless, cold-weather forecasts were is- 
sued for all of these States well in advance of the occur- 
rence of the cold weather. Advancing southward the 
cold wave was greatly modified, but it es soe | 
temperature or frosts to nearly all parts of California an 
necessitated the issue of frost warnings for the benefit of 
fruit growers and others. 
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On the 26th when the pressure was low and falling 
rapidly over the Guif of Alaska storm warnings were dis- 
played on the Washington-Oregon coast and were re- 
teen on the 27th for the inland waters of Washington. 

his was a pronounced disturbance and was attended by 
pes rains except in southern California and southern 

evada. The highest wind velocities of the month were 
recorded at northern stations during this storm, maxi- 
mum 80 miles an hour from the south at North Head, 
Wash., on the 27th.) On the 3ist, when a disturbance 
was detected far to the westward, southeast storm warn- 
ings were ordered for the Washington-Oregon coast. 
This disturbance moved eastward, causing general rains 
and snows over the northern half of the forecast district 
and southerly gales along the north coast.—Z. H. Bowie. 


RIVERS AND FLOODS 
By H. C. 


Tennessee River—As was stated in the MonTuiy 
Weatuer Review for December, 1926, the flood in the . 
Tennessee River had just about reached Decatur, Ala., 
by the end of that month. The rise began with the heavy 
rains of December 20-21, and the still heavier rains of 
December 23-25 soon carried the stream to flood stage. 
Above Chattanooga, Tenn., the erest stages were only a 
foot or two above the flood stages, although some of the 
tributaries, notably the Clinch River and the North 
Fork of the Holston River, were relatively much higher. 
The moderate flood at Knoxville, Tenn., came mainl 
from the Holston River drainage. The average rainf 
below Chattanooga from December 20 to 29 was a little 
less than 9 inches and the flood was a severe one, with 
crest stages ranging from 4.3 feet above the flood stages 
at Bridgeport, Ala., to 17 feet above at Riverton, Ala. 

The usual warnings were issued well in advance of the 
flood and frequent supplementary advices during its 
progress, although over the middle and lower river the 
distribution of the latter, as well as the receipt of reports, 
was much hampered by ice on wires and local interrup- 
tions due to the holiday season. Direct losses above 
Decatur, Ala., were about $60,000, mainly in corn in 
river bottoms which for some reason was not removed 
when the warnings were issued. In the city of Chatta- 
nooga about 2,500 persons were out of their homes at the 
height of the flood, and some relief measures were neces- 
sary. Below Decatur reported losses were $360,000, of 
which $269,950 was in matured crops, while the reported 
value of property saved through the warnings was 
$192,000. 

Green River of Kentucky.—The flood in the Green and 
Big Barren Rivers was likewise severe. Preliminary 
warnings were issued on December 21, or as soon as the 
first reports of heavy rain were received, and frequently 
thereafter. The highest water reported was 49.3 feet, 
16.3 feet above the flood stage, on December 27, at Lock 
No. 4, Woodbury, Ky. Reports as to losses and damage 
were so conflicting as to be worthless. They were of the 
usual character, but probably least in crop losses owing 
to the time of the year. 

Ohio Rwer.—During the December-January period 
the Ohio River was in flood only from Dam No. 44, 
Leavenworth, Ind., to its mouth, and only moderately 
so above the mouth of Green: River. The crest passed 
Cairo, Ill., into the Mississippi River on January 12 
with a stage of 48.9 feet, 3.9 feet above flood ye 
While the warnings issued were timely and accurate, the 
losses in matured crops were great. The flood was the 


earliest winter flood of consequence of which there is 
record, and long periods of wet weather during the 
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autumn had delayed the gathering of crops, especially 
of corn. The reported losses aggregated $379,765, of 
which $316,150 was in matured crops, while the value of 

roperty saved through the warnings was $293,500. 

he following comment on this flood by Mr. W. E. 
Barron, meteorologist in charge of the Weather Bureau 
office at Cairo, IIl., is of interest: 

This flood showed some quite remarkable features. In the 
first place, there was no flood in the Mississippi River above Cairo 
nor along the upper and middle stretches of the Ohio, while the 
Cumberland River broke all previous records, and the Tennessee 
from Florence, Ala., to near the mouth was the highest since 1897. 
Second, the rate of crest movement was eau, slow, Cincin- 
nati to Shawneetown 6 days, Cincinnati and Chattanooga to 
Paducah 8 days and to Cairo 9 days This is attributed to the 
vast body of water ponded in the Cumberland Valley, the crest at 
Eddyville, Ky., 68.5 feet, 12.5 feet above flood stage, occurring 
only 1 day before the crest at Paducah. The flood from the Cum- 
berland uadoubtedly added materially to the stage at Shawnee- 
town, Ill. Backwater effects were also noted in the Mississippi 
at Cape Girardeau, Mo., 50 miles above the mouth of the Ohio, 
with a slow steady rise from December 30 to January 7 amounting 
to 3.2 feet, with no rise upstream. 


Lower Mississipp River—The Mississippi River 
reached the flood stage of 34 feet at New Madrid, Mo., 
on January 1, and the flood stage of 45 feet at Vicksburg, 
Miss., on January 16. Flood stage at Greenville, Miss., 
was not quite reached, and the river below Vicksburg 
was not in flood during this rise. However, relatively 
high stages prevailed throughout the month, with the 
second and greater flood in progress at the close of the 
month. The crest stage at Memphis, Tenn., was 37.7 
feet, 2.7 feet above flood stage, on January 12, and 
approximately 35,000 acres of land in the Memphis 
district were overflowed. Losses were unusually large 
for a flood of this character, mainly from unpicked 
cotton, a large quantity of which had been left in the 
fields awaiting improved market conditions. The re- 
ported losses aggregated $774,100, of which $405,800 
was in matured crops. The reported value of property 
saved through the warnings was $275,000. 

The Yazoo River was in flood throughout the month, 
with a crest of 30.4 feet, 5.4 feet above the flood stage, 
at Yazoo City, Miss., on January 21. 

The December-January flood in the Tombighee River.— 
This flood was also severe, except in the upper Tombigbee, 
with crests of 65.3 feet, 26.3 feet above flood stage, at 
Demopolis, Ala., on January 5, and 61.8 feet, 15.8 feet 
above flood stage, at Tuscaloosa, Ala., on the Black 
Warrior River, on December 26. Lowlands along the 
river and tributaries for a distance of more than 500 
miles were inundated, the overflowed area ranging in 
width from one-half mile to as much as 7 miles. goa 
as to losses were very incomplete. One corporation 
reported: 

We lost nothing. The individuai losses no doubt would be great. 
Ample warning was given to save loss of life and most of the 
property. The information given was correct. 

Total reported losses were $94,500, and the value of 
property saved through the warnings $129,000. Eight 
er were drowned in the vicinity of Columbus, 

iss. The flood was a distinct benefit to many lumber- 
men, as it permitted the magn out from swamp lands 
of about 20,000,000 feet of timber, the early warnings 
affording ample time for preparations for the work. 


THE GENERAL OHIO RIVER FLOOD 


Pittsburgh, Pa., to Wheeling, W. Va.—Contrary to the 
usual procedure, " this flood was a slow one, mainly on 
account of a series of moderately heavy rains instead of 
& heavy continuous rain of a day or two, and the rain 
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effect was materially augmented by the high 
temperature that melted the accumulated snow and ice, 
and even took the frost out of the ground. 

The first warning was issued at Pittsburgh on January 
21, and as often thereafter as changing conditions re- 
quired. The crest at Pittsburgh was 29.7 feet, 4.7 feet 
above flood stage, at 5 a. m. January 23, and at Wheeiing, 
W. Va., 41.7 feet, 5.7 feet above flood stage, at 7 p. m. 
January 23. 

While there was the usual inconvenience and the ex- 
pense attached thereto, actual losses were very small, 
probably not exceeding $10,000 for the entire district. 

Wheeling, W. Va., to Parkersburg, W. Va.—Conditions 
were much the same as above, and the usual warnings 
were issued in ample time. Losses, however, were some- 
what heavier, although not very large for a great flood, 
only about $125,000 having been reported. The crest 
stage at Parkersburg was 45.5 feet, 9.5 feet above flood 


stage, at 9 p. m. January 24. Traffic of all kinds was 
delayed, and there was much loss of time in factories 
and shops. 


Kanawha River to Kentucky River.—In this, the Cin- 
cinnati, Ohio, district, the unusual feature of the flood 
was the uneven distribution of the rainfall and of the 
rises in the tributary streams. With the exception of 
the Licking River, the southern tributaries in West 
Virginia and eastern Kentucky were generally low. The 
usual experiences of a great Ohio River flood were 
repeated, and warnings, bulletins, etc., were issued fre- 
quently and given the widest possible distribution by 
telegraph, telephone, radio, and the press. The crest 
stages were from about 4 to 8 feet above the flood stages, 
Cincinnati reporting 59.1 feet, or 7.1 feet above flood 
stage. 

Again the losses were very small, and very littlo farm- 
land was overflowed. The Central Union Railway 
Depot was vacated for 7 days, and a great deal of mer- 
chandise removed from warehouses. Reported losses 
were only $63,000, while the value of property saved 
through the warnings was given as $600,000. 

Mouth of Kentucky River to Hawesville, Ky.—In this 
district the heaviest rains fell in the immediate Ohio 
Valley between Louisville and Cloverport, Ky., and over 
the lower Kentucky River Basin. This local distribu- 
tion caused relativell higher stages in the district, result- 
ing finally in a “flat” crest that extended from Madison, 
Ind., almost to Cloverport. Another interesting feature 
was a flood in the lower Kentucky River, while the upper 
river was only at moderate stage. This Kentucky River 
flood caused some inconvenience, but no loss of conse- 
quence. Neither were the losses along the Ohio River 
very serious. A considerable acreage of bottom lands 
was flooded, but the total of the reported losses was only 
$90,830, while the value of property saved through the 
warnings was given as $144,000. 

In the Evansville, Ind., district the flood was still at 
its height, and the river was once more rising rapidly 
“do the Cairo district. Report of this wili be made 
ater. 

Northern tributaries of the Ohio.—The northern tribu- 
taries of the Ohio River were generally in flood, although 
none was serious. Warnings were issued when needed, 
and losses were not great. Within the State of Ohio the 
reported losses were $187,000, while the warnings, accord- 
ing to estimates received from business interests, were 
the means of saving property valued at $1,162,500. 

The floods in the Wabash and White Rivers of Indiana 
were of the same general character as those in the State 
of Ohio, and the resulting damage was comparatively 
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smail, as the floods of September, 1926, had left no more 
crops to be damaged. Reported losses amounted to 
$76,500, and $37,500 will probably cover the value of 
ener’ saved through the warnings. 

he flood in the White River system of Arkansas con- 


pori will be made 


Floods in the Ouachita River of Arkansas and the 
Sulphur River of Texas were of minor importance and 


were well forecast. 


River and station 


Crest 


ATLANTIC DRAINAGE 


Roanoke: Weldon, N. C........ 
Santee: Rimini, 8. C 


EAST GULF DRAINAGE 


MISSISSIPP1 DRAINAGE 


Stony Creek: Johnstown, Pa......... 
Monon; 


Dam No. 6, Beaver, Pa..--...... 
Dam No. 12, Wheeling, W. Va__- 
Dam No. 13, Wheeling, W. V: 
Parkersburg, W. Va...........-.. 
Dam No. 19, Tallman, W. Va_..- 
Dam No. 20, Belleville, W. Va_.- 
Dam No. 22, Ravenswood, W. Va_) 
Point Pleasant, W. Va_..........| 
Dam No. 26, Hogsett, W. Va____- 
Dam No. 28, Huntington, W. Va. 
Dam No. 29, Normal, Ky-......... 
Dam No. 30, Greenup, Ky-.. 
Portsmouth, Ohio............. 
Dam No. 32, Vanceburg, Ky.. 
Dam No. 33, Maysville, Ky... 


12 


a8 


& SE & 


Dam No. 44, Leavenworth, Ind_.| 


1 


uskingum: 
Zanesville, Ohio 
McConnelsville, 
Beverly, Ohio 


BERR oh BS! Ki Si SS 


Marietta, Ohio 


1 Continued from last month. 
? Below flood stage at 8 a. 
+ Erroneously carried as 66.3 
4 Ice gorge. 

§ Continued at end of month. 

* Crest occurred after end of month. 


m., Jan. 1, 1927. 
{n December, 1926, Review. 
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Above flood Crest 
; Flood stages—dates 
River and station stage ae 
From— To— | Stage Date 
MISSISSIPPI DRAINAGE—Continued 
Tuscarawas: Feet Feet 
Gnadenhutten, Ohio.........---- 9 20 26 14.8 | Jan. 21-22 
Coshocton, Ohio. 8 20 26 16.2 23 
Walhonding: Walhonding, Ohio.---. 8 20 23 13.0 20 
Athens, Ohio._.. 17 21 18.4 22 
oto: 
Prospect, Ohio 10 22 22/ 10.0 22 
Bellpoint, Ohio. 20 22 10.5 20 
Circleville, Ohio. 10 20 24 14.5 21 
Chillicothe, Ohio. 16 21 25 |. 19.6 
Delaware, 9 22 22 9.3 
iami: 
Kings Mills, Ohio. 17 19 19| 17.2 19 
tae 22 22 17.4 22 
ng: 
F 4 vf 25 22 3 29.0 22 
icking (8. Fork): Cyn 
mn: 
Munfordville, Ky..............-- 28 22 2%); 35.8 2 
Lock No. 6, Brownsville, Ky..-.- 30} @) ® Dec, 
Lock No. 4, Woodbury, Ky..... 31 @ 40.3 Dee. 2 
an, 
Lock No. 2, Rumsey, Ky... 34 @) i © 12 a) as 
Barren: Bowling Green, Ky.......... 20 22 26 26.5 24 
Wabash: 
0e: 
orway, Ind 4 6 Pu 7 6.9 6 
White, East Fork: 
Seymour, Ind........ 10 20 24 12.4 21 
Williams, Ind 10 23 29 15.5 26 
20 23 30 26.9 27 
White, West Fork 
19 21 25 20.1 
Edwardsport, Ind 15 20 23 18.0 
Cumberland: 
45 1 2 57.2 | Dec. 29 
arthage, Tenn 40 4 59.1 | Dee. 30 
Nashville, Tenn.................. 40 7 56.2 | Jan. 
Clarksville, Tenn...-............ 46 1 9g 60.0 | Jan. ‘2 
Lock F, Eddyville, Ky........-.- s7| 12| 685 5 
mnessee: 
Chattanooga, Tenn.............. 33 1 38.4 | Dec. 29-30 
Bridgeport, Ala. 24 1 28.3 Dec. 30 
Guntersville, Ala 31 4 38.3 | Dee. 30 
Decatur, Ala.. 21 ? 4 23.2 | Jan. 1 
18 6 26.6 | Dec. 29 
33 i 50.6 | Dee, 30-31 
Savannah, Tenn...-............. 40 8 51.3 | Jan. 2 
Johnsonville, 31 ll 41.0; Jan. 3-4 
Elk: in 14 @) 1} 725.8) Dec. 28 
ppl: 
New Madrid, 34 1 13| 387:5| Jan. 8-9 
35 5 16 37.7 12 
44 8 18 46.3 15 
Arkansas City, Ark.............. 48 14 20 48.7 28 
Vicksburg, Miss. 45 16 25 46.5 21 
Hlinots: Peru, 14 14 15 14.2 14 
Meramec: Pacific, Mo.-.............. ll 15 16 12.0 16 
Arkansas: Yancopin, 29 35. 6 18-19 
Petit Jean: Danville, Ark............ 20 22 29) 261 
White: 
22 28 27.0 24 
23 22 29 33.3 24 
26 24 ( 32.6 26 
22 25 ti 28.9 
30 30 
Poplar Bluff, 22 168 23 
an. 
Rock, Ark 14 21 26,3 23 
Patterson, Ark................... 9| 15} 101 
Yi 
Greenwood, Miss... ............. 36 10| 384 2-3 
Yazoo City, Miss................ 25 30.4 21 
wan Lake, Miss_..._. 25 (@) 3L1 7.9 
phur: 
Ringo Crossing, Tex............ 20 28 22.9 a 
Finley, Tex. 24 (0) © 2} 2.0! Dec. 26 
Ouachita: Camden, Ark............. “38.5 | Deo. 25 
WEST GULF DRAINAGE 
Trinity: Trinidad, Tex_.... 23 @) 1 30.9 | Dec. 29-30 
1 Continued from last month. ? 


? Below flood stage at 8 a. m., Jan. 1, 1927. 
§ Continued at end of month. 
' Estimated 


| 
Above flood — 
From— | To— | Stage Date 
Coosa: 
ee. Lock No. 4, Lincoln, Ala....-.._. Dec. 26 | Jan. 1 Do. 
Tombigbee: 
Aberdeen, Miss—__ 2 Dee. 
Lock No. 4, 15 Jan. 
tera Black Warrior: Lock No. 10, Tusca- 

West Pearl: 
i Pearl River, La....-..-...-.-.-.- Jan. 
ck No. 7, Greensboro, Fa...... 
Lock No. 4, 
| Dam No. 2, Coraopolis, Pa....... 

Dam No. 35, Oneonta, Ky..-....| 
Dam No. 36, Cold Spring, 
Cincinnati, 

Dam No. 37, Fernbank, Ohio-.-_. 

Dam No. 38, Grant, Ky.........- 

Dam No. 39, Florence, Ind-...... 

on 
Dam No. 48, Cypress, Ind.......| 

Beaver: Beaver Falls, Pa............. 

Shenango: Sharon, Pa................ 


JANUARY, 1927 
MEAN LAKE LEVELS DURING JANUARY, 1927 
By Unirep Srates Survey 
{Detroit, Mich., February 4, 1927] 


The following data are reported in the “Notice to 
Mariners” of the above date: 


Lakes ! 
Data Michigan 
Superior; and Ontario 
Huron 
Mean level during January, 1927: Feet Feet Feet | Feet 
Above mean sea level at New York..._.- .44 578.20| 6571.13 2465. 28 
Above or below— 
Mean stage of December, 1926...; -—0.20 —0. 05 —0. 33 —0.14 
Mean stage of January, 1926..... +0. 99 +0. 82 +1..09 +1. 00 
Average stage for January, last 
—0. 30 —1,.25 —0. 22 +0. 20 
Highest recorded January stage..| —1.34 —4.47 —2. 42 —2, 32 
Lowest recorded January stage...) . +0.99 +0. 82 +1.09 +1. 48 
Aveing departure (since 1860) of the Janu- 
ary level the December level ....._.-. —0.25; —0.11 —0. 06 —0. 01 
1 Lake St. Clair’s level: In January, 1927, 572.88 feet. 
EFFECT OF WEATHER ON CROPS AND FARMING 
OPERATIONS, JANUARY, 1927 
By J. B. Kincer 
General summary.—The weather during the first two 


weeks of the month was mostly favorable for farmin, 
operations, although some damage by frost was repor 

in the Gulf coast area and in California, and some 
damaging floods occurred in Tennessee and adjoining 
districts. .Toward the end of the second week colder 
weather overspread the eastern part of the country and 
this change was favorable in checking the too rapid 
advance of fruit buds in the Southeast. The snow 
cover was light to fairly good over most areas from the 
Ohio Valley northward and eastward and furnished 
protection to grain fields, but the lower Missouri Valley 
and Great Plains were mostly bare of snow. The con- 
tinued cold weather during the third week made condi- 
tions unfavorable for outdoor operations and the hea 
snows in some North Central States: interfered wi 
marketing farm products. Low temperatures damaged 
hardy truck crops in the southern winter truck area 
during this period, but conditions in the more western 
States were mostly favorable. . 

A marked reaction to abnormally warm weather during 
the last part of the month aided crops in the Southeast 
in maki ga recovery from the effects of the freeze 
and enabled field work to progress rapidly with an unusu- 
ally large amount of plowing for corn, cotton, and other 
spring crops oe In more northern sections 
work was hindered by muddy fields and continued rains, 
and in the Northwest cold weather was unfavorable for live- 
stock and necessitated heavy feeding. Precipitation con- 
tinued deficient in the Southeast, with some sections 
receiving the lightest precipitation for January in more 
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- than 40 years. Except for the scanty rainfall, conditions 


were generally favorable in this area. 

Vegetation was abnormally advanced at the close of 
the month in west Gulf sections, but in the northwestern 
Cotton Belt the fields continued muddy and little of the 
remaining crop could be picked. In the interior valley 
States the thaw removed most of the snow cover and the 
i ng was generally bare, except in the upper Mississippi 

alley. West of the Rocky Mountains conditions were 
generally favorable, with a considerable increase in the 
snow pack at higher elevations. 

Small grains.—At the beginning of the month there was 
little snow cover over much of the winter wheat belt, 
although a fairly good covering was reported in the more 
northern States east of the Great Plains. The soil was 
becoming too dry again in western Kansas, but mild, 
sunny weather was favorable in the western wheat area. 
Apparently little harm occurred to wheat in western 
areas from the cold wave; eastern sections continued with 
mostly adequate snow protection. The cold weather was 
unfavorable in the Middle Atlantic States, and growth of 
winter cereals in Southern States was checked. Toward 
the latter part of the month considerable of the snow 
cover east of the Mississippi River was removed by warm 
weather, and at its close only the north central section 
of the wheat belt had an appreciable layer of snow. In 
— of the Ohio Valley there were complaints of flood 

amage, and thawing and freezing was unfavorable in the 
middle Atlantic area. 

Corn and cotton.—Corn gathering made good progress 
the first part of January in the trans-Mississippi area and 
husking was resumed in Iowa, while improved conditions 
for cribbing prevailed in some sections east of the Missis- 
sippi River. Continued mild and dry conditions were 
favorable for husking in the interior valleys, and shelling 
and marketing were brisk in the upper Mississippi Valley 
section. 

While there was little precipitation and much sunshine 
in the northwestern Cotton Belt, where considerable 
cotton was in the fields at the beginning of the month, 
the soil continued too wet for harvest and picking made 
slow progress. Picking made fair advance later in the 
month, but much remained in the fields. 

Miscellaneous crops——Pastures showed practically no 
improvement in the Southeast, but in more western 
sections the range continued in mostly satisfactory condi- 
tion. Livestock were able to range freely in the northern 
Great Plains area and the weather was generally favorable 
in the great western grazing sections, except for some 
suffering during the latter part. 

Truck was damaged somewhat by frost during the 
first decade, and later there were two severe cold waves 
in Florida, with rather extensive injury reported. There 
was also some damage to winter truck in the coast sec- 
tions of the south Atlantic and east Gulf portions. Mild 
weather the latter part of the month enabled truck to 
make rapid recovery from the effects of the freeze and 
that planted after the frost made rapid advance. Citrus 
was seriously damaged in northern and central Florida, 
but improved later. 
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WEATHER ON THE ATLANTIC AND PACIFIC OCEANS 


NORTH ATLANTIC OCEAN 
By F. A. Young 


The number of days with gales in January was appar- 
ently equal to or slightly above the normal over the middle 
and western sections of the ocean, and somewhat below 
east of the thirtieth meridian. Both the Azores HIGH 
and Icelandic Low, however, were well developed on a 
number of days, and at times the eastern section of the 
steamer lanes was swept by violent gales. : 

The number of days with fog was near the normal over 
the Grand Banks and below over the greater part of the 
steamer lanes. Fog was unusually prevalent in the 
Gulf of Mexico, as in the western portion of that body 
of water it was reported on six days. 


TaBLe 1.—Averages, departures, and extremes of atmospheric 
essure at sea level, 8 a. m. (seventy-fifth meridian), North At- 
ntic Ocean, January, 1927 


Stations wees | tenet’ | Highest | Date | Lowest | Date 
Inches Inch Inches Inches 

Julianehaab, Greenland...| ? 29, 41 30.36 | 4th... 28.11 | 26th 
Belle Isle, Newfoundland . 29. 86 +0, 06 30.68 19th 28.72 | 3d. 
Halifax, Nova Scotia.-_-__. 30. 06 +0. 05 30. 66 | 19th 29.30 | 6th 
Nantucket__.............. 30. 07 —0. 02 30. 84 | 27th. 29.30 | 5th. 
ee 30. 20 +0. 08 30.74 | 27th. 29.70 | ist.* 
30. 18 +0. 09 30.34 | 12th....- 29.96 | ist. 
New Orleans_-_........... 30. 25 +0. 13 30.56 | 15th_.._. 30. 06 | 3d.‘ 
Swan 29. 97 —0. 01 30.04 | 6th‘ 29.90 | 19th.‘ 
Turks Island... _-......... 30. 13 +0. 08 30.22 22d‘ 29. 98 | Ist. 
30, 22 +0. 09 30. 54 | 13th__.__ 29. 60 | 2d. 
Horta, 30. 41 +0. 31 30.74 | 29.70 | 25th. 
Lerwick, ShetlandIslands 29.40; 30.02 | 28.65 | 29th. 
Valencia, Ireland. _....... 29. 76 —0. 14 30.61 | 10th... 29.26 | 30th. 

29. 80 —0. 20 30.48 | 10th. 29.13 | 14th. 

1 From normals shown on H. QO. Pilot Chart, based on observations at Greenwich 


mean noon, or 7 a. m. seventy-fifth meridian. 
2 Mean of 22 observations; 9 days missing. 
3 No normal! established. 
* And on other dates. 


In December anticyclonic conditions prevailed in the 
vicinity of the European coast during long periods, while 
during January the conditions were reversed, low pres- 
sure being the rule on a number of days, especially during 
the last decade of the month. On the other hand, 
during this same period abnormally high barometric 
readings were recorded at stations on the American 
coast, as shown on Charts [IX and X. 

From the 2d to 12th§therefwas considerable cyclonic 
activity over the western section of the ocean, the storm 


area varying from day to day both in extent and inten- 
sity, and at times reaching as far south as the Bermudas. 

Ries the 3d to 6th gales of from force 8 to 12 pre- 
vailed over the eastern section of the steamer lanes, the 
disturbance reaching its maximum on the last two dates, 
when central near 55° N., 30° W. 

On the 12th a severe disturbance was central near 55° 
N., 20° W., and northerly to westerly gales were reported 
east of the thirtieth meridian until the 18th, although 
the storm area varied considerably during this period. 

From the 19th to 22d moderate weather was the rule 
according to nearly all of the reports received, although 
one vessel in the middle section of the steamer lanes 
(lat. 52° 00’ N.), reported northwest winds of hurricane 
force, associated with a steep barometric (30.40- 
29.38) between the vessel’s position and the southwest 
coast of Iceland. 

On the 23d there was a severe disturbance, accompanied 
by hail, central near 50° N., 40° W., with strong north- 
west gales over the region from the center to the for- 
tieth parallel. This Low moved eastward, decreasing 
somewhat in intensity, and on the 25th was off the coast 
of Scotland. 

Charts VIII to XI cover the period from the 26th to 
29th, inclusive, when marked anticyclonic co.d‘tions 
prevailed over the western section of the ocean and cy- 
clonic over the middle and eastern. 

On the 27th the barometer reached the highest readi 
on record at stations on the Atlantic coast, at whi 
time northeast gales of force 8 to 10 prevailed between 
Jacksonville ak Hatteras, accompanied by readings of 
over 30.70 inches. 

On the 30th and 3lst a deep depression was off the 


‘north coast of Scotland, and on the former date moderate 


gales occurred between the tenth and twentieth meridians. 

Note-—Mr. R. P. Ives, second officer American steam- 
ship Wytheville, Capt. John Hokenson, en route from New 
York to Rotterdam, reports as follows: 

On January 26, at 9.25 a. m., G. M. T., in 48° 45’ N., 
18° 35’ W., observed the forming of three waterspouts. 
The first appearance was that of a boiling area of water, 
with dark smoke rising, which later took a — 
motion. The first one, after forming a spout, travel 
rapidly to the eastward and dissipated, forming a bright 
zigzag streak in the sky. The other two were killed by 
a heavy shower of hail. Fresh westerly breeze. Tem- 
perature of air 48°, water 56°. Sky cloudy. 
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Vessel 


Voyage 


Position at time of 


if 


Highest. | ghitts gf wind 
wind and |, "ear time 
direction lowest barometer 


NORTH ATLANTIC 
OCEAN 


Idaho, Br. 8. 


Stockholm, Swed. 8. 8... 


Argosy, Am. 8, 8.......- Cc 


F. H. Hillman, Am. 8.8.| 


8. 
Maravi, Br. 8. S......... 
Storviken, Nor. 8. 8..... 
i. W. Mackay, Br. 
Oyrus Field, Br. 8. S.... 


New York City, Br. 8.8- 


Wm. Campion, Am. 8. 8.) 
; br. 8 


Cyrus Field 


Baron Sempill, Br. 8. 8_. 
El Oriente, Am. 8. 8_...- 
Minnekahda, Am. 8. 8.. 
Dakotian, Br. 8. 8.__...- 
Solen, Br. 8. 
Tynefield, Br, M. 
Oxonian, Br. 53. S_....... 
Wytheville, Am, 8, S.... 
Stockholm, Swed. 8.8... 


NORTH PACIFIC 
OCEAN 


8.8, 
Cuprum, Am. 8, 8...... 


Esther Dollar, Can. 8.8.| K 


La Crescenta, Br.8.8__- 
Shabonee, Br. 8, 


Yayoi Maru, Jap. 8. 8..-|. 


Selma City, Am. 8. 8.__. 
Gyokoh Maru, Jap 8. 8S. 
Am. 8. 8........ 
West Holbrook, Am. 8S. 


W, 8. Rheem Am. 8.8... 


Salina, Am, 


Makena, Am. 8.......| Port 


Corinto, Am. 8. 8 


Pawlet, Am. 8. S_...-..-. M 


y Dollar, Am 
Lio Am. M, 


g. 
Newfound- 
and. 
Philadelphia. 
Norfolk. ..... 
Newfound- 


New York... 


San Francisco 
San Francisco 


lowest barometer 
Lati- 
tude tude 
oUF , 
28 11 N.| 70 20 W. 
42 51 N.| 48 54 W. 
32 20 N.| 76 04 W. 
35 41. N.| 51 38 W. 
56 59 N.| 24 49 W. 
57 54 N,| 18 06 W. 
35 40 N.} 68 00 W. 
40 25 N.| 70 58 W. 
45 57 N.| 41 50 W. 
48 57 N.| 11 20 W. 
46 17 N.| 13 14 W. 
38 48 N,| 69 52 W. 
56 20 N.| 18 08 W. 
39 50 N.| 62 15 W. 
46 20 N./| 56 47 W. 
45 32 N. | 42 22 W. 
46 41 N.| 35 20 W.. 
46 46 N.| 56 14 W. 
32 59 N.| 77 25 W. 
30 43 N.| 79 38 W. 
46 08 N. | 37 49 W. 
50 14 N.| 25 01 W. 
50 05 N. | 20 10 W. 
50 19 N.| 19 45 W. 
55 35 N.| 11 10 W. 
50 42 N.| 027 E. 
58 00 N.| 17 30 W. 
| 88 30 N.| 13912 W 
49 57 N.| 14757 W 
43 48 N.| 13700 W 
44 00 N.| 12500 W. 
58 20 N.| 142 50 W. 
47 14.N,| 14520 W 
46 13 15800 E 
50 00 N. | 153 45 W 
49 40N.| 17515 E 
Honolulu) Harbor-.- 
82 01 N.| 150 54 F. 
38 30 N.| 17730 E. 
48 15 N.| 179 20 W. 
31 30 N.| 17000 E. 
50 00 N.| 17000 W. 
42 08 N. 150 30 E. 
38 32 N.| 12710 W. 
16 0ON.| 9443 W. 
31 08 N.| 17306 W. 
41 20 N. | 12503 W. 
43 50 N.| 18215 W. 
15 38N.| 9332 W. 
46 10 N.| 167.00 W. 
33 45 N.| 14800 E. 
41 55 N.| 154 E. 
34 00 N.} 150 OOF. 
52 00 N.| 147 00 W. 
36 11 N.} 162 35 E. 
35 20 N.! 154 30 E. 
48 05 N.| 168 25 E. 
34 00 N.| 160 00 E. 
37 00 N.| 167 00 E. 
21 48 N.| 153 42 W. 
49 44 N.| 174 41 W. 
36 08 170 28 
30 00 N.| 141 00 E. 
41 36 N.| 179 00 W. 
39 57 N.| 172 37 E. 
14 15 N.| * 95 40 W. 
39 30 N./ 166 00 E, 


RSSSS RSS SSRSRRSSBSS BSP 


S88 


OW 
WSW.., 9.. 


12. 


NE., 10. 
SW,, 10... 
NW., 10... 


NE., 12...) 


SW., 10... 


10..| W 
li... 


S8W., 10..| 8.-W. 
NNE-N, 
SSE., 10... SSE.-8.-W. 


WSW., 9... WSW.-NNW, 
W., 10...| SE.-NW. 


Wsw.-WNW. 


NW., 12...) SW.-WsW. 
WSW., 9..| Steady. 


NE., 10...| NE-NNE, 
10...) Steady. 

Do. 
NW., 10...| WSW.-NW. 
NNW.,10.| W.-NW. 


NW., 10...| 5.-WNW. 
N., 10-4... WNW.-NW 
SSW.-W. 


Steady. 


Do. 
NE,, 10...| NE.-ENE, 
NW., 12._.| SSE.-NW. 
NwW.., 12...) SW.-NW. 
SSW., 12..| SSW.-W. 


12..-| SW.-NW, 


SsW., 10..| SSW.-W. 


,0...| W.-NW-N, 


NE,, 8....| N 
WNW., 10 WNW.-NW. 


Steady. 
we Ras Do 
SE., 10....| SSW.-SE 
ES 
S-NW.-W 
8.-SW.-W 
NW.,, 9....| SW.-W. 
N.-NE. 


, 10...| 
sWw.-wNW 
SW.,10_.| 4 pts. 

9...| ENE.-ESE 

SE., 11....| 8 pts. 


SSW. 11..| SW.-NW. 
9. 
SW., li-..| 4 pts. 
SSW.,li..| SSW.-wsw. 
NNW.,9..| NNW.-NNE. 
NW,,10.| WSW.-5.-W. 


| | piree | Direction | Direc: 

Time of tes tion of | and force | tion of . 

| lowest Gale | est | wind | of wind wind x 

barometer | ®24ed jbarom-| when at time when 

Fro oom eter gale of lowest gale & 

began | barometer | ended 

| | Inches| 

Cornelia, Am, 8. 8......| Porto Rico...| New York... Jan. 1..) Mat., 1...| Jan. 3..| 29.66, WSW..| WSW.8..| WNW. 

Tampa, Am. M. 8......-| Antwerp...--| Boston 4...-...| 9017 | SE.,8..._.| NW... 

W.C. Teagle, Am. 8.8__| New York...| Baton Rouge_| 20.41 | 11] WNW_| 

Argosy, Am. 8. 8........| Copenhagen . Newport | §.......| Noon, 5...| 8.......| 29.88 | 8.......| —., 10...... WNW.| —., 12.....| 

Newcastle....! New York...| 2012 | SW...- wsw.. 

lopenhagen . Per 9.......| 7 a., 10....} 10._....| 20.47] SSW... 12.....| 

ews. 

Ossa, Am. S. 8..........| New York...| Malta.__ 1 p., 20.38 | NNE_-_ | 

| jolon........| London...... 1 p., 12...-] SW... | NW.... 
Emergency Aid, Am. 8. | Kiel_.........| Galveston... 12......] 16:.....) 20.66% SW... NW... 

| Boston.......| Cuba........ | 15....--| 5 ps 16......| 29.46 | W.,8......) NW__.. 
Copenhagen Boston....._.| | 11 15..-| 30......} 29.30 | NW....| NW.,8....] W....-.] 12-...- 

Halifax.......| Cable operat- | 14_..--| 2 p., 16...) 29.62] W., 6....--| WNW_] 8., 10...... 

22__....| 8 p., 22...-} 23.__...] 29.62] SSE_...| SW., 6....| WNW- 
Wales........ 8a., 23-..-| 24......| 29.02 | WNW.| NW., 8.-..| 
| Fowey......- 23_...| 28.95 | SSW._|| SSW., 8__.| 
| Halifax._..._. 25......| Noon, 26. 25._....| 29.87 | W.,8...---) W., 

| Bellen 26......| 4 26....| 28......| 30.36] NE. 10. 
27......| 3 a,, | ENE. 

| New York...) London... 26.....-| Noon, 90.17] W., 8......| WNW. 
Liverpool....| Boston... 10 27...| 28......| | SSW...| W., 9......| NW... 

England. ....| Philadelphia. 27......| 1 a., 28-..-| 28.67 | SSW...) SSW., 12..| 
Port Arthur .| Belfast....... 1 2 a., 28...) 28...) 2257) NW___.| SW., 11... WSW_.| SW 

| New York...) Rotterdam... 27.......| 10a., 29. 29... | SW____| SSW., 10..| 

Makaweli, Am. 8. Sound. Dec. 31 | 4 p., 3ist..} Jan, 29.46 } SSW. 10..) W...... 

Kurohime Maru, San Fran- | 11 p., 9897 | We, 

City of Victoria, Can. | Balboa.......| Vancouver. .| Jan. 9 p., | SSE_._| S., SW...) 8.,9.......| 8-SW. 
| Lebec, Am. 8. 8.....--.-| San Pedro....| Cordova.....| —, 1......-] 3.......| | ENE__| NNE.,9..; W......| NNE., 9..| ENE.-E. 
Akibasan Maru, Jap. | Yokohama...| San Fran- 1..,----| $8., 8-......| SSW... WNW] N-WNW--8. 

ver...| Yokohama..- SW....| W., 10.....| WNW-_} W., 10.....| Sw.-w. 
aratsu.....| Portland... NW....| NW,, 9....| NW....| NW., 10.__| Steady. 

nceouver...| Yokohama... SW....| SSW., 10_.; W_-.__.| SSW., 10..| SSW.-WNW. 

| San Pedro... Shanghai... Wiki. WNW.| WNW., 10, NNW.| I 

| Nagasaki... _.| San Pedro... Noon, 7...| 8....... ESE_."| SW.,9.._.| SW 

New York... Noon, 11.-} 11...._. NNW. NNW.,6..! 
| Manila. ......; San Francisco} 11......| Midt., 11..} 12...... 

West O’Rowa, Am.8.S-_| Orient.......| San Pedro....| ESE...| S.,9.......| SW--..| 8:,9.1.....] ESE.-SW: 

Tamaha, Br, §. 8....._._| Pedro....| Yokohama. __| Noon, i8.-| SW.___| SW., 10...| NW_...| SW., 10...| SW.-W.-NW. 

Montana,| Tsingtao.....| Seattle 16......) 10p., 16. 18_..... NE.... Nw NE., 12..-| 4 pts. 

anil. 11 §.......| NW....| SW.,10.-.| 4 pts. 

66., 17..--| 90...-.. 8_......| WNW., 8.| SSW... NNW.,i1| WNW.-NNW. 

Morm 19. ...| 8.......| SSW.,12..; W._...| SSW., 12..| SSW.-W. 

Pres. Taft, Am. 8, 8.....| San Fran NW.) 

Pawlet, Am. 8. $........} 22_.....| Noon, 22__| 22..__.. 

Lio, Am. M. 8_.........] Mormugao...| San Francisco SSW...| SSW SE... 

Dilworth, Am, 8. Cebu......... Sen Franclseo 7h. WNW. WNW.,— 

Pawlet, Am, 8........| Manila.......| San Francisco] SW.,9....| W.....| 

Maru, Jap. 8.8. 68., ENE._| SSW.,ii..| SE...__| 

Arizonan, Am. 8. 8..___.| Panama.....- 28......| 12 28...| 29.....- NNW _| NNW.,9.| NNE_- 

Tamaha Yokohama... | 20...-:-| 90....| WSW..| 


NORTH PACIFIC QCEAN 
By E. Hurp 


January, 1927, was the second stormy month of the 
season on the North Pacific Ocean, although possibly 
it was not quite as rough on the whole as December, 
which is considered to have been one of the stormiest 
months in recent years. January, however, produced 
more gales in the neighborhood of Midway island and 
the Hawaiian group, and off the northwestern coast of 
the United States, than did the preceding month, and 
storm to hurricane winds were nearly as frequent in east 
longitudes. 

‘he year opened with the Aleutian Low centered over 
the Guif of Alaska, in the northeastern part of which 
the lowest pressure for the month occurred on the 2d. 
Accompanying it whole gales swept a great portion of 
the coast from Oregon northward, and strong gales were 
experienced by vessels midway along the route between 
Honolulu and the Washington-Oregon ports on the Ist, 
followed by lesser and more scattered gales on the 2d 
to 5th. Near or at the Hawaiian Islands fresh gales 
occurred on the 3d and 4th, as well as on the 22d and 
23d. The center of the Aleutian Low fluctuated greatly, 
but on hardly a day did it entirely disappear. In the 
northwestern part of the Gulf of Alaska its pressure was 
deepest on the 25th, and over the eastern waters of 
Bering Sea on the 3ist. On the last few days of the 
month low pressure covered the entire northern part of 
the ocean, the principal cyclone being reinforced on the 
west by « great storm which covered an immense region 
off the northeastern coast of Japan. The average 
movement of the center of the permanent Low was 
toward the west, it being situated over the Gulf of 
Alaska in December and over the east central part of 
Bering Sea in January. 

The Pacific anticyclone was much broken up during a 
part of the month by the incursions not only of the 
Aleutian Low, but of isolated cyclones from the north 
and west; yet it so maintained its characteristic strength 
and identity that pressures were slightly above the 
normal for the period from California to Hawaii. 

On the Asiatic coast high pressure prevailed, only one 
depression coming from the Chinese mainland, and this 
of no great energy until it entered upon the sea. 

- The following table gives special data regarding the 
pressure conditions at several island and coast stations 
in west longitudes: 


TABLE 1.—Averages, departures, and extremes of atmospheric pres- 


sure at sea level at indicated hours, North Pacific Ocean, January, 


1927 
Average | Depar- 
Stations pressure | ture from| Highest | Date | Lowest | Date 
normal 
Inches Inch Inches Inches 
Harbor !_.......... 29. 56 —0. 08 30.16 | 5th...... 28. 54 | 31st. 

29. 53 —0. 16 30.16 | 14th_. 28. 64 | 3ist. 
29. 78 +0. 14 30. 44 | 13th..... 28.90 | 25th. 
Midway Island ! *__.._._. 29. 96 —0. 04 30.28 | 2d_... 29.48 | 15th. 
Honolulu *................ 30. 04 +0. 04 30.19 | 4th...... 29. 83 | 9th. 
29. 93 +0. 05 30.72 | 8th...... 28.85 | 2d. 
Tatoosh Island *4......... 29. +0. 02 30.45 | 2ist..... 29. 36 | 27th. 
San Francisco * 4.._..._._. 30. 13 +0. 04 30. 45°| 23d_... 29.76 | 19th. 
San Diego * ¢.............. 30. 10 +0. 04 30.37 | 23d...... 29.93 | 20th. 

1 P. m. observations only 3 A. m. and p. m. observations. 

2? For 30 days. ‘ fo 24-hour mean. 


During the first two decades of January much rough 
weather in addition to that of the 1st and 2d occurred 
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off our northwest coast. An isolated cyclone, cut off 
from the Aleutian Low, remained in the neighborhood 
from the 3d to the 11th, and other disturbances caused 
high winds over narrow areas in the same region on the 
14th to 15th end 17th to 19th. At Tatoosh Island 
winds of 60 or more miles an hour occurred on the Ist, 
5th, 8th, 9th, 10th, 13th, and 19th, the maximum veloc- 
ity being 72 miles an hour from the east on the 19th. 

Two important extratropical storms appeared over 
the waters of the Far East. The first left China on the 
14th, and developed rapidly on the following day in the 
Eastern and Japan Seas, where gales occurred from 
Shanghai northward. On the 15th-16th this storm 
crossed central Japan. It attained sufficient intensity 
on the 16th to cause winds of hurricane force, as experi- 
enced by the Wheatland Montana near 42° N., 154° E. 
(see table), and winds of force 11, on the 17th, as noted 
by the Stanley Dollar, near 36° N., 16244° E. There- 
after it apparently joined forces with the Aleutian Low. 

The second storm first appeared on the 17th between 
Taiwan and southern Japan. It moved with great 
rapidity, and early on the 18th had covered the Japan 
Sea, while by night it lay off the northernmost island of 
Japan, whence it continued northeastward during the 
19th, though with abated speed. Such reports as are 
at hand indicate that it existed with varying intensity 
between the Kuril Islands and the Aleutians, besides 
extending far southward, until the close of the month, 
causing hurricane winds on the 19th near 35° N., 154° 
E., as reported by the Lio, and storm gales on the 22d, 
25th, and 28th, as reported by other vessels, between 
the one hundred and fifty-fourth and one hundred and 
eightieth meridians. 

For the North Pacific as a whole, gales were strongest 
and most frequent over the great area lying west of 
longitude 170° W. and north of the 25th parallel, in 
some portion of which they occurred every: day. 

In the neighborhood of Midway Island cyclonic con- 
ditions existed on the 5th to 7th, and again from the 
11th to 15th. The latter disturbance was the severer 
and caused strong southerly gales east of Midway, which 
at the last threatened the Hawaiian Islands with a 
strong kona before it finally disappeared. 

Wind movement at Honolulu was the greatest of any 
January since records began in 1905, being 11.3 miles 
an hour for the average. The maximum velocity was 
47 miles from the northeast on the 3d, followed by 46 
miles from the east on the 4th, and winds continuing 
strong until the 5th. This was the warmest January 
on record by two-tenths of a degree. Precipitation was 
below the normal. Three waterspouts, the first ever 
known to be observed at Honolulu, were reported in or 
near the harbor. 

In the Gulf of Tehuantepec fresh to strong northers 
occurred frequently, being reported by vessels as of 
forces 8 to 9 on nine days. 

Fog formed quite generally off the California coast 


: from the 1st to the 7th and toward the end of the month, 


and was observed at San Francisco on 15 days. East 
of 170° W. fog was frequently met with throughout 
January along the northern and middle routes. The 
American steamer Eldridge encountered it daily from 
the 17th, in 50° N., 175° W. until the 24th, in 49° N., 
130° W. West of the one hundred and eightieth merid- 
ian little was observed, but on the China coast it was 
reported off Shanghai and Hongkong early in the month. 
oy ee appearance was on the 19th, near 19° 
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CLIMATOLOGICAL TABLES 


DESCRIPTION) OF! TABLES AND CHARTS 


| able 1 gives the date ordinarily needed for climato- 
1 


logical studies for about 176 Weather Bureau stations 
making simultaneous observations at 8 a.m. and 8 p. m. 
daily, seventy-fifth meridian time, and for about 37 
others making only one observation. In addition, data 


appear for Juneau, Alaska, and Honolulu, Hawaii, where 


e observations are made at 8 a. m. and 8 p. m. of the 
time in local use. The altitudes of the instruments 
above ground are also given. , 

Table 2 gives, for about 35 stations of the Canadian 
Meteorological Service, the means of pressure and tem- 
perature, extremes of temperature, total precipitation, 
and depth of snowfall, and the respective departures 
from normal values aig in the case of snowfall. The 
sea-level pressures have been epee according to the 
method by Prof. F. H. Bigelow in the Revirw 
of ae 1902, pages 13-16. 

Chart 1.—Tracks of centers of ANTICYCLONES; and 

Chart IIl.—Tracks of centers of cyctones. The roman 
numerals show the chronological order of the centers. 
The figures within the circles show the day of the month, 
with A or P to designate whether the 8 a. m. or 8 p. m., 
seventy-fifth meridian time observation, and on Chart I 
the last: three figures of the highest, and on Chart II of 
the lowest barometric reading at or near the center at 
the time, always reduced to sea level and standard gravity. 
The inset map in Chart I shows the departure of month “4 
mean pressure from normal and the inset in Chart 
saith the change in mean pressure from the preceding 
month. i 

Chart Il].—Temperature departures. This chart pre- 
sents the departures of the monthly mean surface tem- 
peratures from the monthly normals. The shaded 
portions of the chart indicate areas of positive departures 
and unshaded portions areas of negative departures. 
Generalized lines connect places having approximately 
equal departures of like sign. This chart of monthly 
surface temperature departures in the United States was 
first published in the Montaty Weatuer Review for 
July, 1909...Similar charts back to January, 1873, 
appear in Bulletin U, W. B. | 

Chart. [V.—Total precipitation. The scales of shading 
with appropriate lines show the distribution of the 


ie precipitation, based on the reports from regular 
and selected cooperative observers. The inset on this 
chart shows the departure of the monthly totals from the 
corresponding normals. 


Chart V.— Percentage of clear sky between sunrise and 
sunset. The average cloudiness at each regular Weather 
Bureau station is determined by numerous personal 
observations between sunrise and sunset. The difference 
between the average percentage of cloudiness and‘100 is 
assumed to represent the percentage of clear sky, and the 
values thus obtained are the basis of this chart. The 
chart does not relate to the nighttime. 


Chart VI.—Jsobars at sea level, average surface te:n- 

sete be and prevailing wind directions. The pressures 
ave been reduced to sea level and standard gravity by 
the method described by Prof. Frank H. Bigelow on 
pages 13-16 of the Revinw for January, 1902. They 
ave also been reduced to the mean of 24 hours by the 

application of a suitable correction to the mean of 8 a. m. 
and 8 p. m. readings at stations taking two observations 
daily, and to the 8 a. m. or the 8 p. m. readings, respec- 
tively, at stations taking but a single observation. The 
corrections so applied will be found in the Annual! Report 
of the Chief of Weather Bureau, 1900-1901, volume 2, 
Table 27, pages 140-164. 

The sea-level temperatures are now omitted and aver- 
age surface temperatures substituted. The isotherms can 
not be drawn in such detail as might be desired, for data 
from only the regular Weather Bureau stations are used. 

The prevailing wind directions are determined from 
hourly observations at the great majority of the stations. 
A few stations determine the prevailing direction from 
the daily or twice-daily observations only. 

Chart VII.—Total snowfall. This is based on the 
reports from regular and cooperative observers and shows 
the depth in inches of the snowfall during the menth. 
In general, the depth is shown by lines inclosing areas of 
equal snowfall, but in special cases figures are also given. 

is chart is published only when the snowfall is suffi- 
ciently extensive to justify its preparation. The inset 
to this chart shows the depth of snow on the ground at 
the end of the month. 

Charts VIII, IX, etc.— North Atlantic weather maps of 
particular days. 
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In the following table are given for the various sections of the climatological service of the Weather Bureau the 
monthly average temperature and total rainfall; the stations reporting the highest and lowest temperatures, with 
dates of occurrence; the stations reporting the greatest and least total precipitation; and other data as indicated by 
the several headings. 

The mean temperature for each section, the highest and lowest temperatures, the average precipitation, and the 
greatest and least monthly amounts are found by using all trustworthy records available. 

The mean departures from normal temperatures and precipitation are based only on records from stations that 
have 10 or more years of observations. Of course, the number of such records is smaller than the total number of 
stations. . 

Condensed climatological summary of temperature and precipitation by sections, January, 1927 


Temperature Precipitation 
Monthly extremes Greatest monthly Least monthly 
Section 
> g 
BIA sig 
oF In. In. In. In. 
49.2 | +3.3 | 85 | 222 | 3 215 |} 1.14 | —3,92 | Rivertom............ 4.90 | Union Springs......; 0.12 
48.1 | +4.8 | § | 2 -17 22 || 0.23 | —1.04 | 1.33 | 17 stations..........- 0.00 
Arkansas. 42.6 | +1.5 | 3 79 22 15 5.41 | +1.31 | Lutherville.......... 10.72 | Portland............ 1,98 
46.2 | +0.9 | San Bernardino 87 3 | Helm Creek...__.__. —18 3.56 | —1.88 | Upper Mattole.....- 17.63 | 2 stations.........._- 0.00 
28.3 | +4.4 | 2 79 —31 | 222 || 0.55 | —0.41 | Columbine.......... 2.35 | 3 stations......... 0.00 
58.7 | —0.1 | 3stations.........._- 88 | 214] Mount Pleasant...._ 12 16 || 0.42 | ~2.41 | Hypoluxo 43 0. 00 
.| 48.4 +1.8 | Saint George... ____- 85 20 | 2 stations............ 4 16 || 0.87 | +3.37.| Cornelia 2 0. 06 
25.9 | +2.1 | Burley Factory.....| 63 5 { Stanley 22 || 2.06 } —0.02 | Wallace... uhl 0. 34 
26.5 | —0.3 | 2 stations._....__ onal ae 29 | Lineoin 15 || 2.53 | +0.25 | Goleonda Moline (airport)....} 0.42 
27.91 67 30 | Monticello 15 || 3.36. | +0.34 | Rome......... “2 stations........... 1.21 
21.7 | +3.2 59 5 | Sigourney 15 029 | | Keokuk.............| 1.10 | Cumberland. ...... 
Kansas 32.1 | +2.3 | Liberal.............. 85 5 | Valley Falls...._.__. 15 || 0.41 | —0.25 | Columbus. 14 stations..... sis adits T. 
Kentucky. 35.8 | +0.3 | 76 21 | Eubank | 16 |} 6.33 | +1.95 |} Rumsey.............| 9.55 | Hezard....... 1. 87 
55.9 | +4.7 | F 87 22 | Lake Providence....| 10, 11 || 2.21 | —2.51 | Tall i Reserve.............| 021 
Maryland-Delaware..| 32.7 | +0.1 | Great Falls, Md...--. 78 22 | Grantsville, Md__._. —5 | 16 || 1.60 | ~—1.77 | Grantsville, Md Solomons, Md...... 0.74 
Michigan..........-.- 19.4 | —0.6 | 62 —47 26 || 1.28 | —0.59 | Sandusky.._........ 2.97 | Iron River.......... 0.14 
10.3 | +1.8 | Grand Rapids___.._- 49 2 | Grand Rapids.._.._. —51 26 || 0.62 | —0.14 | Crane Lake......... 2.62 | Baudette............| 0.12 
50.6 | +3.7 | 2 83 | 72218 6 15 jj 2.42 | —2.80 | Holly Bluff. ........ -| 0.18 
30.8 | +0.4 | Rolla_............._. 73 4 | Chillicothe._.._____- —24 15 || 3.05 | +1.02 | Sikeston Maryville........... 0. 22 
18.4 | —0.1 | 61 —48 21 |} 0.87 | —0.07 | Glasgow........ 0.09 
25.6 | +3.7 | 77 29 | Hay Springs —32 22 || 0.24 | —0.31 | Hay Springs McCool Junction...| 0.00 
34.9 | +4.3 | Searchlight___...._.- 76 16 |, Owyhee............. —30 22 |} 0.53 | —0.48 | Owyhee Goldfield_....... -.-| 0.00 
23.2 | +0.9 | Providence, R.I._..| 54 22 | Pittsburgh, N. H.-.|—32 27 || 2.65 | —0.77 | Orono, Me.__ rey,” Vt.. 0. 49 
29.2 | —0.7 | Pleasantville... 70 22 | Culvers Lake... —12 27 2.22 | —1.30 | Runyon Atlantic City... 1,19 
38.4 | +48 | 85 | 0.14 | —0.41 | Taos Canyon 43 0.00 
New York.........-.- 22.0} —0.5 | 2stations..........-. 65 5 | Stillwater....._..._. —34 27 2.18 | —0.77 | Jamestown Harkness............ 0.11 
North Carolina 41,5 | +0.1 | $2 21 | Parker.............. 1291.25 | —2.67 | Parker_.-.. Stonewall... ........ 0. 42 
North 10.1 | +5.2 | Valley City ........- 60 8 | —44 24 0.41 | |. Lisbon. Westhope._._.... .--| 0.00 
28.0 —0.1 | 66 21 | 2 stations............ 715 13.33 | +0.18 | Wilmi Wauseon............ 0. 85 
Oklahoma... 30.3 | 40.7) Erick. 86 5 3 3 15 |] 2.18 | +0.76 | Smithville 3 stations............ T. 
34.8 | +0.5 5.36 | +0.86 | 0.33 
27.4 | —0.4 2.90 | —0. 43 @rry...............| 828 | Lawrenceville....... 0.76 
South Carolina..._..- 45.7 | +0.2 0.98 | —2.61 | Caesars Head 'é Mars Bluff.......... 0. 16 
South Dakota--......- 19.4 | +3.4 0.33 | —0.27 | Waters Ranch....... 1, 58 | 4 stations............ A 
‘ennessee 40.4 | +1.2 3.77 | —1.18 | Dresden............. 7.71 | Elizabethton........|, 1,4 
50.9 | +2.4 1,24 | —0.59 | Denison (near).....- 0.00 
SOE 28.8 | +3.8 0.97 | —0.35 | Silver Lake......... T. 
Virginia 36.6 | +0.2 1.34 | —2.17 | Onley............... 0. 26 
Washington 30.0 | +0.1 5.55 | —0.06 | W — Power 0. 88 
nt 
West Virginia. 32.5 | +0.4 22 4.08 | +0. 03 0.10 
13.2 | —0.9 | 50 30 | Chippewa Reservoir |—47 26 || 0.84 | —0.41 | Plum Island.....-.. 0. 28 
Aspen | 69 4 | 22 || 0.67 | --0.09 | Crandall Creek. 0. 02 
Dutch Harbor......| 56 7 | Fort Yukon......... —57 | 423 || | +2.44 Shaw Island........ 28.47 | White Mountain....| 0.07 
2stations............| 90 | | 2stations............| 47 4 || 0.91 | +1.80 | Honokohau Gulch ..} 90.00 | Ka Lae..............| 0.12 
2 stations............| 94] 218 | Aibonito............| 47 3 || 4.42 | +0.70 | Corozal.............} 10.28 | Lajas Finca Julia....| 0.16 
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TABLE 1.—Climatological data for Weather Bureau stations, January, 1927 


JANUARY, 1927 


Jo ‘10°0 WIA 
Aypramy we 3 & 
§ | ~ 
$5 | 2 


asia 

—— 

is 

Vie 

< 

an 


JANUARY, 1927 


MONTHLY WEATHER REVIEW 


TABLE 1.—Climatological data for Weather Bureau stations, January, 1927—Continued 
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TasBLe 1.—Climatological data for Weather Bureau stations, January, 1927—Continued 


JaNuARY, 1927 


013 


49.2) +1.5 


| 
| 
| 
oF 
2 18] 34 44) 38 67} 0. 0.0} 6,860) s. 34] s. 11) 5 15} 6.7) | a0 
2 +5. 83| 5! 55| 11| 22) 28] 32 60} 0.18) —0. 7,074 sw. | 34) sw. | 27/17] 6 8 4.1) 1.80.0 
2 15) 41) 0.18] --0.6] 5, 671| se. nw. | 1| 144.9 0.0) 0.0 
+4. 291 17| 15| 291 48) 3¢ 62} 0.02} 1) 4, 533) s. 34] nw. | 13, 13/ 5) 4.1) 0.0 
+4. 55| 0.09) —-0. a 
74! 7| 26] 1/37; 27) 46) 0.05 ~0.5| 6,385) nw. | 30 w. | 12) 19) 7 0.0} 0.0 
2' 58| 4| 46| 19| 27) 26 29 0.18, —0. 3,864 ne. | w. | 29) 15 4.1). 1.3)6.0 
4 64; 4) 46) 0} 1) 21) 28)---.. 4,961) w. 27| sw. | 26) 14 15) 2j-...) 3.2) T. 
3 83} 4] 71| 32) 1) 42 45 51} 0.01) —1.2| 2, 898) e. e. 14| 13] 13} 40 6.0) 0.0 
3 76| 10| 69} 36) 25 35) 46) 0.201 3,733 n. | w. | 11] 21) 7| 3) 23) 0.01 0.0 
4 67| 28] 55) 16] 23 41) T. | mw. 14] T. | 0.0 
67| 46, 12) 12 31) 24) 64) 0.48) —1.2) 5) 4,812) w. | se. 
-----| 56} 3] 41) 10) 22 26) 23; 20; 60) 
bo +4.2| 5] 44) —2| 22) 22) 37) 29) 24 72] 0.63] —0.4| 6,120) ne. | 30) w. | 28) 7| 5.3) 1.5) 0.0 
D4 +3. 5} 63 4] 44/—12) 23) 41 0.57; 5| 6,617) w. | 6| 12 111 84.51 4.3) 1.4 
+3. 4) 55} 40 2 5| 29] 1.46: 6] 3,754] nw. | 46] nw. | 28' 6) 10, 15) 6.4) 6.2) T. 
4} +5. 2) 50} 14) 40} 30} 30) 26; 21) 75) 0.84) +0. 5} 2, nw. sw. | 21) 10) 13 5.3} 7.9 T. 
5| 21) 25) 26 0.96} 14] 4,201| se. | 22 28 
3 14 39) 21 29 77| 2.27] +0.4| 14] 2,868) se. | 18 27 
21 1.05) —0.5| 12! 2,710) e. 23 a7 
5| 36|—19| 22] 19| 29 74! 1.31} +0.6) 11) 7,041| se. | 40: | 23; 
3} 33)}—11) 21) 23) 27) 25) 87) 2.18) +0.1) 17) 3, ne. | 23) 2 
35) 22) 5} 28 82) 1. —0.4} 13) 3,124) s. 32 1 
58} 46; 21) 21 14) 41) 39) 86, 7.09) 23/14, 852) e. s. 0. 8) 
38. 43| 18| 21) $4) 2.61] —2.8| 17] 4,555, sw. n. 0. 6) 
2} 40.6) +1. 1| 54| 91 44) 18) 21| 37) 12 4.95] +0.2| 7,807| se. | 49) s. T. | 
40. +1. 2) 53] 1] 44) 17) 21 4.96] —1.2| 20] 7,116) s. 37| s. 
42.6) +1. 4) 53) 45 21) 40} 12) 41 10, 45) —1. 23/19, 215) e. 72| e. 1 
-| 26.1)......| 52) 84-19 21) 18) me. 10. 5) 
61] 1! 49} 16! 22] 33! 28 36 0. 0) 
39.0) —0. 4! 56) 3 43) 12 22 14 34} 81] 9.18] 22) 5,235] e. 5} e. 16.2 
D4} 42.8 +1.6 65] 1, 50) 21| 36) 26) 41 6.01) +0. 164) s. 4} s. 27 
0} 49.8) +2.9) 6 56| 21 44) 47) 44 5.83) —1.8] 19} 5,980) se. 5| w. 4 0.9 0.0 
-| 50.6) +1.2 63] 9 54 21) 47} 15}12, 633) s. 60| s. 10, 11) 5.7 
46.6] +0.8! 61] 9 53) 27) 23) 25 40) 3.81; —0.1| 14) 4,029) nw. | 26) se. 5 19 16 6.9 0.0) 0.0 
47.4) +1. 6) 61) 11) 54) 32-22) 41] 21 43 2,30) —1.4| 12] 4,908| se. | 34) s. 19 12 11, 6.0 0.0 0.0 
51.3) +1. 4) 56) 23) 46) 15 3.77| —0.6| 13] 3,858) se. 19 13 126.3 0.0 0.0 
49. +09 13) 59 2.07; —0.9| 12) 3,990) se. | 23) sw. 11} 7} 13) 5.5, 0.0] 0.0 ae 
53.2) +1.5 74 1.60) 
47.8) +1.6 71) 1 30 41 2.19) +0. 3,096} nw. | 30} nw. | 16) 10) 14 6.2 0.9 0.0 
57.2) +26 65 24} 49} 25 44 1.09) —1 5| 3,551] ne. | w. | 11) 10112 951 00,00 
b3| 55.4) +1. 1) 75} 9 63 25] 48} 24 47 0.32} —1.7| 3,382; nw. | 16) nw. 9 13) 915.5 0.0) 0.0 
52.4) +0.8) 79 62 24 33] 2.78) —1. 2, 797| n. 22} ne. 13 4.1 
| 75.21 +0. 2) 86) 11) 80 16) 71) 3.88] 22/11, 058) e. 
).0 
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